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SUMMARY

A method for integrating Aeroheating analysis into conceptual reusable launch

vehicle RLV design is presented in this thesis. This process allows for faster turn-around

time to converge a RLV design through the advent of designing an optimized thermal

protection system (TPS). It consists of the coupling and automation of four computer

soRware packages: MINIVER 1, TPSX 2, TCAT 3 and ADS 4. MINIVER is an Aeroheating

code that produces centerline radiation equilibrium temperatures, convective heating

rates, and heat loads over simplified vehicle geometries. These include flat plates and

swept cylinders that model wings and leading edges, respectively. TPSX is a NASA

Ames material properties database that is available on the World Wide Web. The newly

developed Thermal Calculation Analysis Tool (TCAT) uses finite difference methods to

carry out a transient in-depth 1-D conduction analysis over the center mold line of the

vehicle. This is used along with the Automated Design Synthesis (ADS) code to

correctly size the vehicle's thermal protection system (TPS). The numerical optimizer

ADS uses algorithms that solve constrained and unconstrained design problems. The

resulting outputs for this process are TPS material types, unit thicknesses, and acreage

percentages.

TCAT was developed for several purposes. First, it provides a means to calculate

the transient in-depth conduction seen by the surface of the TPS material that protects a

vehicle during ascent and reentry. Along with the in-depth conduction, radiation from

the surface of the material is calculated along with the temperatures at the backface and

interior parts of the TPS material. Secondly, TCAT contributes added speed and

automation to the overall design process. Another motivation in the development of

TCAT is optimization. In some vehicles, the TPS accounts for a high percentage of the

overall vehicle dry weight, as shown in Table 1. Optimizing the weight of the TPS will

°..
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thereby lower the percentage of the dry weight accounted for by the TPS. Also, this will

lower the cost of the TPS and the overall cost of the vehicle.

Table 1. Dry Weight Percentage of TPS for Several Vehicles.

Vehicle

Hyperion 5

Stargaze:

Shuttle 7

% of Dry Wt.

6

14

16

Dry Weight (lbs)

123,250

34,750

154,739

In order to provide a proof of concept for the TCAT heating analysis tool, three

test cases were considered. The first case was a reinforced carbon carbon (RCC) tile

analyzed in a vacuum with constant convective heat rate to the top surface. The second

and third test cases were both transient, trajectory-based analyses utilizing the STS-1

reentry flight profile. 8

Along with the above case, benchmark solutions for the transient, trajectory-based

cases were created using the computer heating analysis code SINDA 9. The results of the

benchmark solutions compared well with the results produced by TCAT for the second

and third test cases.

In addition, a numerical analysis of the accuracy and execution time for the TCAT

heating code was conducted by performing a sweeping analysis of the time step and

spatial resolution. Results showed that the time required to perform the heating analysis

at a single body point on a given geometry could be lowered from three minutes for an

accurate solution to approximately 30 seconds with only a ten percent loss in accuracy.

In addition, an interface was created for the World Wide Web (WWW) that

allows users the ability to size a thermal protection system for a reusable launch vehicle

design from three different groups of TPS materials. The first group of materials are

Shuttle technology materials with the second group consists of next generation RLV

materials. The third group is composed of materials from the Shuttle materials group and

xiv



the next generationRLV material family. This interfacewas createdusing common

gatewayinterface (CGI) scriptswritten in the Perl1°programminglanguage. These

scriptsallow for quick executiontimesthat greatlyreducetheamountof time requiredto

sizea thermalprotectionsystem.

Before scripting of the TPS sizing process was available, it required

approximatelyeightman-hoursto completeaTPSdesignfor a representative conceptual

RLV. Example cases examined using the WWW interface for TCAT were completed in

a matter of minutes.

In addition, test scenarios for the WWW interface were developed and studied.

The first test case involved TPS designs for a 10 ° half-angle cone, and the second case

analyzed TPS designs on a multiple angle wedge with angles of 5 ° and 10 °. The designs

involved sizing thermal protection systems from each of the material groups available on

the WWW interface.

Results of these test cases showed promising values for the average unit weights

calculated. The tile materials that were chosen for the design test cases had unit weight

values that ranged from 1.4~1.6 lbm/fl 2, and the blanket material TPS designs resulted in

average unit weights between 0.4~0.6 lbm/fl 2.
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CHAPTER I

INTRODUCTION

Thermal protection system (TPS) sizing calls for the selection of materials and a

design that effectively protects the space vehicle and its cargo/passengers from the severe

heating environment encountered during reentry and ascent. The overall design process

involves several levels: conceptual, preliminary, and detailed design. At the conceptual

level, ideas and assumptions are explored using engineering level tools that provide

zeroth order knowledge of the overall design. Trade studies are conducted to test the

feasibilities and sensitivities of the design space. In preliminary design, higher fidelity

tools enable the designer to narrow down the domain of the design space. In detailed

design, the design space is set, and a full accounting system is setup to accurately

measure the effects of the assumptions made on the design.

In addition, the level of fidelity of the tools differs for each of the design levels.

For example, in conceptual design a one-dimensional engineering heating code that takes

several minutes to execute on a desktop PC is acceptable to size the thermal protection

system for a reusable launch vehicle. On the other hand, preliminary and detailed design

require experimental data for design verification and high fidelity computational fluid

dynamic CFD codes that can solve the 3-D Navier-Stokes equations. These are both

costly in terms of money and man-hours.

The work in this thesis is at the level of conceptual design, and explains a solution

method that integrates Aeroheating analysis into conceptual RLV design. Chapter II will

give an overview of recent and current TPS design strategies used in industry. Chapter III

discusses the differences between "static, off-line" and "dynamic, on-line" TPS sizing.

The "static, off-line" sizing process calls for making engineering assumptions in the early

part of the design process that do not change, while "dynamic, on-line" sizing calls for



continuousupdatingof engineeringassumptions.ChapterIV coversthe computational

toolsrequired,MINIVER, TPSX,TCAT andADS,in orderto carryout the"dynamic,on

line" TPSsizingstrategy. ChapterV givesa detaileddiscussionof thetheoryutilized in

thedevelopmentof TCAT, andChapterVI demonstratesseveralproof of conceptstudies

andbenchmarkingresultsfor TCAT. ChapterVII coversthe issuesof numericalaccuracy

and executiontime of TPS designsusing TCAT. ChaptersVIII and IX focus on the

developmentof a World Wide Webinterfaceanddesignapplicationsof theTCAT tool,

respectively.Finally,conclusionsandrecommendations are given in Chapter X.



CHAPTERII

THERMAL PROTECTIONSYSTEMDESIGN: AN OVERVIEW

The thermalprotectionsystemis one of the main focal points of any reusable

launchvehicledesign.This is true of the rocketsfrom the early daysof mannedspace

flight to vehicleson thedrawingboardtoday.What is relevantarethe methodsusedto

designandverify theTPS for a RLV concept.With this in mind, this chapterwill briefly

cover a few of the methodsthat havebeenusedand arecurrently in practice for TPS

design.

Onesuchmethodwasusedfor the SpaceShuttleTPS.11Orbiterflight test(OFT)

data from the secondflight of the Shuttle Orbiter (STS-2) was compared to the

predictionsof a three-dimensionalthermalmathmodel (TMM). This comparisonresulted

in the performanceverificationof the Shuttle'sreusablesurfaceinsulation(RSI). The

OFT data were obtained from RSI plug and gap thermocoupleinstrumentation.A

schematicshowingthe RSI thermocoupleinstrumentationis shownin Figure 1. Quarter-

tile RSI TMMs were developedusingmeasuredflight data for surfacetemperatureand

pressureenvironments.Extensiveeffort went into the developmentof models that

accuratelyassessedthe thermalperformanceof the RSI. Adequatethermalmath model

predictiontechniqueshadto becreatedto comparewith both groundtestand flight data.

Datagatheredfrom STS-1and STS-2provedthat mechanicalandthermalrequirements

of the TPS were met and exceeded.12Other methodsfor the developmentof TMMs

similar to thisonewereusedto comparewith arcjetgroundtestdata.13,14

A more recent approachfor TPS design is a solution strategydevelopedto

determinethe thermalresponseof nonablativematerialsat hypersonicspeedsformulated

by Y.K. Chen and Frank S. Milos._5This procedurewas developedfor the designof

thermalprotectionsystemson reusablespacevehiclesand wasmotivatedby the NASA



Access-To-SpaceProgram.t6 Solutionswereobtainedthroughiterationsbetweena finite

elementthermalresponsecode(COSMOS/M)]7 and a finite volume reacting flow code

(GASP).Is This design procedure demonstrated multi-dimensional computations for both

steady-state and transient trajectory-based conditions. Converged solutions were obtained

in two to three global iterations using the properties of a radiative equilibrium wall as an

initial guess for the process. The results found that temperature changes calculated

between the first and last iterations were small. Therefore, it was concluded that the

results after a single iteration were reasonably acceptable, and further iterations were not

needed due to costly and time consuming multi-dimensional computations.

ItTV $60
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Figure 1. Schematic of RSI Thermocouple Instrumentation. 1_

The TPS design approach developed by Chen and Milos laid the foundation for

the development of the TCAT design tool. As mentioned, the thermal response of the

materials was obtained by the loosely coupled iterations between COSMOS and GASP,

which are both high fidelity, powerful, and computationally expensive flow codes used in

preliminary and advanced design. The TPS design process discussed in this thesis utilizes

a strategy similar to that of Chen and Milos, but the computational tools utilized are at the

engineering level and are more suitable for conceptual level design.
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Another methodof TPSdesignis that usedfor the X-33.19This methodusesa

trajectory-basedthermalprotectionsystemsizingstrategy.Thegeneralpurposeof theX-

33 program is to build a subscale,sub-orbital,reusable,single-stage-to-orbit(SSTO),

technology demonstratorRLV. The TPS sizing strategyfor the X-33 involves the

discretization of the heat rate at eight points along the sub-orbital trajectory.

Computationalfluid dynamiccalculationsareusedto createan aerothermaldatabasefor

laminar and turbulent flow conditions.SeveralTPS sizings were generatedusing this

databaseandthermalprotectionsystemstackups.Examplesof the stackupsareshownin

Figure2.

From this work, it was concludedthat a baselinetrajectory, including both

laminarandturbulentflow calculations,produceda TPSmaterialmapthatwaswithin the

thermalenvelopesof all materialsfor nearlytheentirevehiclesurface.
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Figure 2. One-Dimensional TPS Staekups. _

The procedures that have been discussed in this section involve great detail and

require high fidelity calculations in order to achieve the desired accuracy. It is important

to point out that this level of design is called "detailed" or "preliminary" design. For this



thesis,thefocuswill be at theconceptuallevel.At thephase,designtoolsusedtypically

run in theorder of minutes.This allows to a quick turn-aroundtime for vehicledesigns

andenablesthedesignerto carryout tradestudies.
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CHAPTERIII

STATICVERSUSDYNAMIC TPSSIZING

This chapterwill discusstwo differentTPSdesignstrategies:static anddynamic

TPS sizing. Static TPS sizing calls for assumptionsto be made prior to the design

iterationprocess.Theseassumptionsremainconstantduring the designof a vehicle.An

exampleis a constantunit weight.DynamicTPSsizingallows theseassumptionsmadea

priori in the designprocessto beupdatedthroughoutthe iterationcycle. DynamicTPS

sizing is preferredbecauseit providesthe ability to updatethe assumptionsduring the

iterationprocess,allowing for betterconfidencein thefinal solution.

Static Off-Line TPS Sizing

In many design organizations, Aeroheating analysis is done in the conceptual

design phase. In some cases, it is an off-line static process where single point

assumptions are made about TPS unit weights, thicknesses, and acre percentages. These

single point assumptions are set at the beginning of the design and are not changed

throughout the convergence process. Consequently, there is no communication between

the Aeroheating and Aerodynamics disciplines as shown in the Design Structure Matrix

(DSM) of Figure 3.

The DSM is a way to show discipline interaction in a design environment. It

shows a cascading arrangement of the design disciplines in the form of a diagonal. Feed

forward links above the diagonal represent the progression of information, inputs, from

one discipline to next. Below the diagonal are feed back links. These are used to pass

information from a discipline lower in the DSM to one that is in a higher position.

Feedback is important because it provides the flexibility of changing the design when

required. In addition, disciplines are related through strong and weak links. The strong



links areindicatedby theblack dotsandthe weaklinks aredesignatedby the graydots.

Stronglinks imply that the communicationbetweentwo disciplinesis importantin the

outcomeof the designor that a local iteration is requiredbefore informationcan be

passedto the next discipline.Weaklinks requirecommunication,but they are not as

importantasthestronglinks.

The feedbackfrom Aeroheatingto Aerodynamicsis important;for example,the

leadingedgesof thevehiclemaybe toosmall,creatinga heatloadthatis toohigh, based

on the assumedTPS. To lower the heat load, the Aeroheatinganalyst desiresblunt

leading edges.Aerodynamicistsdesiresharp,small radii leadingedgesthat minimize

drag.Theobjectiveof thesetwo disciplinesconflictwith eachother;therefore,thereis an

optimum leadingedgevalue that must be found so that both disciplinesare satisfied.

IntegratedAeroheatingwill help find thisoptimumvalue.

Another consequencethat ariseswhen makingtheseoff-line assumptionsis that

there is no interactionbetweenthe AeroheatingandWeightsand Sizingdisciplines.This

is similar to the situationbetweenAeroheatingand Aerodynamicswherean optimum

valuemustbe reached.Heretheoptimumis to designa TPSstructurewith theminimum

unit weight. If fixed assumptionsaremadeat the beginningof the designphase,then

optimumvaluescannotbe obtained.Also, conservativeassumptionsmayproducea TPS

that is too thick and heavy.On the other hand, on the other hand, nonconservative

assumptionsmayproducea TPSthat will ineffectivelyprotectthe RLV from aeroheating

effectsinducedby theflow field.

Static off-line TPS sizing is a one-and-doneendeavor.Severaltools haveto be

manually run before finalized values of the thicknesses,unit weights, and acre

percentagesaredetermined.Thefirst tool is MINIVER, which is anAeroheatinganalysis

code written by NASA. It producescenterline radiation equilibrium temperature

distributions,convectiveheatingrates,andheatloadsoversimplifiedvehiclegeometries.

Thesegeometriesincludeflat platesto modelwingsandsweptcylindersto model leading

edges.The constituentmaterialsof the TPSaredeterminedby the radiationequilibrium

temperaturesproducedby MINIVER and are selectedfrom the NASA Ames TPSX



material database.It is importantto makesure the multiusetemperaturelimit of the

selectedmaterial is greaterthan the radiation equilibrium temperatureobtained from

MINIVER. Also, it is desiredthat the chosenmaterial is lightweight and has low

maintenancealongwith minimalinspectionrequirements.

Figure 3. Static TPS Strategy DSM.

After running MINIVER and obtaining the appropriate material properties list

from TPSX, the TPS unit weights, thicknesses, and acre percentages are estimated. The

actual values for the unit weights can be estimated by basing them on vehicles of a

similar design. A deficiency with this approach is that the reference vehicle will most

likely have a different trajectory. This could lead to two possible problems. First, the heat

load applied to the vehicle for the current design might be too high. This means the unit

weight values obtained from the reference design are underestimated. Secondly, the

opposite can be true where the unit weights are overestimated and cause the overall

weight of the RLV to be higher than necessary.

This process of TPS sizing with MINIVER and TPSX is conducted at several

different points of interest on the vehicle, which can significantly increase the total time
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required to designa TPS. Without iteration,the TPS unit weightsand acreageareas

becomefixed for therestof thedesignprocess.

Thereareseveralreasonswhy thisprocessneedsto be improved.First,staticoff-

line TPS sizing may involve makingfaulty assumptionsthat will lead to non-optimal

designresults.Secondly,thereis no couplingmechanismthat allowsan analysisof the

in-depthconductionbasedon the convectiveheatingratesobtainedfrom MINIVER. A

conductionanalysiswould allow the capabilityof changingthe TPSdesign.Thirdly, the

processis too time-consuming;it might takeseveraldays,which would delay the turn-

aroundtimefor a vehicledesign.All theselessonscall for thecouplingof TPSsizing into

adesignorientedstructure.Thesechangesleadto dynamicon-lineTPSsizing.

Dynamic On-Line TPS Sizing

Figure 4 shows how the DSM changes in the Dynamic TPS sizing strategy

compared to that of the static TPS design strategy. Now there are feedback links to

Aerodynamics, Trajectory, and Configuration from the Aeroheating discipline. Also,

there is a feedback link from Weights and Sizing to Aeroheating. These provide

communication from Aeroheating that was not available in the static TPS design strategy.

Figure 4. Dynamic TPS Sizing Design Structure Matrix.
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The integration of the feedbacksinto the DSM enablesTPS sizing to be a

dynamicprocess.This meansthesizedTPSvaluesarerevisedandoptimizedduringeach

iteration until the vehicle is converged.This integratedapproachwill involve the

couplingof four tools:MINIVER, TPSX,TCAT andADS.

Descriptionsof MINIVER and TPSX items were provided earlier. TCAT, the

Thermal Calculation Analysis Tool, is an original code written for this research that uses

finite difference methods coupled with optimization techniques in order to conduct a

transient, trajectory-based heating analysis to design and size the TPS of an RLV. The

Automated Design Synthesis (ADS) tool uses algorithms that can solve constrained and

unconstrained design optimization problems.

The diagram in Figure 5 gives a pictorial representation of the dynamic on-line

TPS sizing process. First, a trajectory file from POST 2° (Program To Simulate Optimized

Trajectories) is obtained. This raw trajectory file includes time, altitude, velocity, angle-

of-attack, and sideslip angle in column format. It is necessary to thin the trajectory,

remove points from the file, if it contains more than fifty points. The program thindata is

used to reduce the number of points to 50 or less. The removal of points is based on the

gradient of the curve in question. More points are left where the slope is rapidly changing

and points are removed in areas where the gradient is relatively constant. Thindata

creates an output file "tmp.john" that is used to transfer the trajectory information from

POST to MINIVER. Once the MINIVER deck is created, it is analyzed using lanmin91.

A 2-D Aeroheating analysis is conducted and produces convective heating rates, heat

loads, and radiation equilibrium temperatures. These are calculated using empirical

methods such as the Fay-Riddell stagnation point method and the Eckert's reference

enthalpy method for flat plate heating. Then, a convective heat rate vs. time array

obtained from the MINIVER output and a material properties list is input into TCAT. In

turn, TCAT and ADS numerically optimize the thickness, unit weight, and acreage

percentage values of the TPS at each selected body point of the vehicle. Specifically, the

optimizer minimizes the unit weights (thickness) based on several constraints, and multi-

use temperature limits. The constraints include maximum surface temperature, maximum

11



backfacetemperature,and maximum material interfacetemperaturelimits. Once the

point calculationsarecompleted,aggregatevaluesfor theacrepercentagesfor eachTPS

materialusedarecalculatedfor the vehicle.Thesepropertiesare thenpassedon to the

WeightsandSizingdiscipline.

This processwould normally be time consuming,but through scripting and

automationof the data transfer,the manualwork requiredby the user is significantly

reduced.Therefore,thereareseveraladvantagesto havinga dynamicon-lineTPSsizing

process.First, it clearly provides a meansof reachingnear optimal values for the

vehicle'sTPS at eachdesigniteration.In addition, it allows for a quicker turn-around

time for a TPS designas comparedto the staticoff-line process.TCAT is a tool that

makesdynamicTPSsizingpossible.

Data

I I TPS unitweight,

I Heat Rates F thicknesses,and
acreage percentage
values

Figure 5. Dynamic On-Line TPS Sizing Process.
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CHAPTER IV

COMPUTATIONAL TOOLS USED IN DYNAMIC TPS SIZING

This section will discuss the tools used in the solution strategy that enables

thermal protection system sizing to be integrated into conceptual level design. The tools

discussed are MINIVER, TPSX, ADS, and TCAT.

MINIVER

MINIVER is the miniature version of the JA70 General Aerodynamic Heating

Computer Code. It is a FORTRAN legacy code that was developed in the early 1970s to

provide an engineering level Aeroheating analysis capability.

At its roots, MINIVER is an approximate engineering code used to assess the

Aerothermal environment over critical regions of a reusable launch vehicle. The required

inputs for MINIVER are altitude, velocity, angle-of-attack, and sideslip angle as

functions of time obtained from the trajectory analysis along with the geometric

configuration of the vehicle. Using these inputs, MINIVER models the local flowfield

conditions using shock angles and pressures based on wedge, cone, or parallel shock

approximations such as Newtonian pressures. MINIVER applies standard engineering

techniques to calculate heating over critical areas of the vehicle including:

• Nose cap stagnation area - Fay-Riddell Stagnation point heating equation

• Windward centerline - Eckert's Reference Enthalpy Flat Plate Method

• Wing and fm leading edges - Modified Beckwith/Gallagher Swept Cylinder

Method

• Deflected control surfaces - Bushnell and Weinstein, Flap Reattachment Heating

• Leeward surface area - Bertin and Goodrich, Leeside Orbiter Heating

13



Use of thesemodelsand applicationsresultsin critical Aeroheatingparameters

including laminar and turbulentheat transferrates,heat loads, radiation equilibrium

temperature,localandwall conditions,andtransitioninformation.

TPSX

TPSX- Thermal Protection System Expert is a material database created by the

Thermal Protection Materials and Systems Branch at NASA Ames Research Center. It

exists to maintain properties of advanced thermal protection system (TPS) materials, and

it is available on the Interact. It provides an easy user interface for retrieving, displaying,

and graphing information in a variety of formats. The database includes thermal,

mechanical, ablation, and chemical properties, along with cost data. It also provides

description of each material, including references and common applications. TPSX also

contains photos or sketches of some materials. Materials in the material database include:

• Rigid Tiles

• Flexible Blankets

• Carbon-Based Reusable Ceramic Composites

• Ultra-High Temperature Composites

• Adhesives

• Structural Organic Composites

ADS

ADS - The Automated Design Synthesis tool is a FORTRAN code used for the

solution of linear and nonlinear, unconstrained and constrained optimization problems.

ADS is segmented into three different levels: strategy, optimizer, and one-dimensional

search. Sequential unconstrained minimization, the augmented Lagrange multiplier

method, and sequential quadratic programming are three examples of methods available

at the strategy level. Two examples at the optimizer level are variable metric methods,

and the method of feasible directions. Lastly, the Golden Section method and polynomial

interpolation are examples available at the one-dimensional search level. Different
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combinationsof the methodson eachlevel allow for manydifferent typesof problem

solutions.

.TCAT

TCAT - The Thermal Calculation Analysis Tool is a FORTRAN code created

specifically as the centerpiece tool to facilitate the integration of Aeroheating analysis

into conceptual design framework for RLVs. It provides a means to calculate the transient

in-depth conduction at the surface of a TPS material that protects a vehicle during ascent

and reentry. Along with the in-depth conduction, radiation from the surface of the

material is calculated along with the temperature at the backface of the TPS material. The

next chapter provides a detailed discussion of the theory and assumptions used in the

development of TCAT.
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CHAPTERV

THE THERMAL CALCULATION ANALYSIS TOOL (TCAT)

The previous chapter described the roles of MINIVER, TPSX, and ADS in the

process of integrating Aeroheating analysis into conceptual RLV design. Also, a brief

description of TCAT was given, but further discussion is necessary. Therefore, a stand-

alone chapter for the discussion of the theory used in the development of TCAT is needed

for two reasons. First, TCAT is the primary computational tool used in the dynamic on-

line TPS design process. Secondly, it is an original code created to provide an in-depth,

transient conduction analysis that drives the design of the RLV TPS. This chapter will

discuss the theory and assumptions used in order to conduct the heating analysis provided

by TCAT.

TCAT uses a fully implicit method in order to solve the parabolic, one-

dimensional unsteady heat conduction equation (1) by marching in time.

_T _2T
-o_

_t _x _
(i)

The boundary conditions given in equations (2) and (3) are applied to the top and

bottom surfaces of the TPS material.

qco,,v-eoT4 +k-=dT 0 at x=0 (2)
dx
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dT
--=0 at x=L (3)
dx

The top surface is defined as x = 0, and x = L is at the backface. Equation (2) is

the energy balance relationship for the top surface of the TPS material; it includes

convection from the flow field, radiation from the heated surface, and conduction

absorbed by the TPS material. All these quantities are summed to equal zero in order to

preserve the conservation of energy. Equation (3) states that there is an adiabatic wall at

the backface of the material. This is a conservative assumption that is used in order to

model an insulator. This assumption resembles an insulator by allowing the temperature

at the backface of the material to increase or decrease over time due to the absorption or

release of energy from the material. This assumption is conservative because the

temperature rise and decay of an adiabatic wall does not fully model the heat capacitance

of the actual structure that physically exists behind the TPS material. This type of

modeling would require methods of analysis that are not within the scope of this thesis.

Furthermore, modeling the thermal response of the vehicle structure is beyond the scope

of conceptual design.

Three different types of discretization were used for obtaining the system of

equations needed to solve for the in-depth conduction analysis. A forward implicit

difference scheme was used at the top surface in order to incorporate the boundary

condition given in equation (2). The mesh map for the top surface can be seen in Figure

6. At the top surface node, the second derivative term in the heat equation was obtained

through a Taylor series expansion and incorporation of the top surface boundary

condition. This discretization resulted in equation (4) and is accurate on the order of

O(At, Ax).
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Figure 6. Nodal Mesh Map for Top Surface Node.

/ 2a, At (T_+l _ 71.+1 )+ Ty ]
Ax 2 (4)

The heat equation was discretized at the interior nodes, using the nodal map

shown in Figure 7, with a simple implicit central finite difference scheme resulting in

equation (5) that is accurate on the order of O(At, dx2).

. a,At, .+, r"+')+r"÷'T_=--_--I,T__, - 2T,."+_+ ._+, (5)

AxAX_ *i• i-1

• i+1

Figure 7. Nodal Mesh Map for Interior Nodes.

On the back surface of the material, an implicit backward finite difference scheme

was used to discretize the heat equation and couple the boundary condition from equation

(3). This resulted in equation (6), which is accurate on the order of O(At, zlx). Figure 8

shows the nodal mesh.
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Figure 8. Nodal Mesh Map for Backfaee Node.

A radiative heat flux at the backface of the material can be used as an alternative

boundary condition instead of the adiabatic wall assumption. This is given by equation

(7), which states that the radiative heat flux at the backface is equal to the conductive heat

flux trough the material. The conductive heat flux term is given by Fourier's Law and the

radiative flux is a function of the backface surface emissivity, Boltzmann's constant, and

the backface surface temperature. The result of the discretized heat equation at the

backface incorporating this alternative boundary condition is given by equation (8) and

accurate on the order of O(At, Ax). This alternative boundary condition is presented

because it used later in Chapter VI in a proof of concept case study for the TCAT tool.

dT

- k,, = (7)

._ 2aNAt (T.+I _ T .+l £N _ _ T "÷l

_N kAx ) _ur; t'"-' + (8)
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A system of nonlinear equations (9) resulted once the heat equation was

discretized at all nodes in the material. This system of equations reflects the use of the top

surface and backface boundary conditions given by equations (2) and (3) respectively.

This system is nonlinear due to the fourth order radiation term in the top surface

boundary condition, equation (2). Each equation in this system represents a nodal

location in the material. Each is obtained by subtracting the information at the current

time level, n, from that required at the next time level, n+l, and setting it equal to f,

where i = 1,..,N, with N being the maximum number of nodes.

L D

Ax 2 + 14 Ax 2 ---

a3At T2.+, ( 2a3At _.+l

2txlAt_2alAtgcr(T,,+l_l,+l 2tXlAt T2+I (_2 _ _1 j ax2 - _"

ct2At T3.+1
A__ -T2

a3At T4.+1

fN-l

fN

tiN-'At T"+' ( 2a N ,At _r.+,
l_C2 " N-2 "I" 14 --_ fN-l\

2otuAt Tn+l ( 2auAt )T_ +1 "Ax2 -N-, + 1+ Ax2 -T_

ct.v_lAt .r.+j
Ax2 -N -T__1

2tx_At

Axk 1
q coIll:

(9)

This system of equations is iteratively solved using the Newton-Raphson method,

which is the application of Newton's root solving method applied to a system of non-

linear equations. The first step in the Newton-Raphson method requires the formation of

the Jacobian matrix, J, which is defmed by equation (10).
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(10)

Oncethe Jacobianis formed,the problemtakeson the form Ax = b given by

equation (11), where A is the Jacobian and is a tridiagonal matrix, x is the change in

temperature at time level n+l, and b = -fat time level n.

of, of, o
aTy' aT;÷'

af2 af2 af2 0

aT, #*' aT;*' aT; +'

0 Of 3 Of, Of 3

aT; +' aT; +' aT; +'

0 0 0

0 0 0

0 0 0

0 0

0 0

af__, Of._, aft_,
OT.+I aT.+) ate, +)* N-2 "* N-I

0 afN 0fN

aT +) OT,_ +I* N-I

At, /"+'Ar_
AT3

1
A__, I

IArN ,,

-f_'
-A
-A

(11)

This is solved by making an initial guess for the temperature at time level n+l,

and iteratively solving for AT _÷' using the Thomas Algorithm 2'. Prior to the next iteration

step the temperature at time level n+l is updated by 7_÷l =/_+l + A7 _+'.

Convergence is reached when the magnitude of the two-norm for both the AT' '÷!

vector and the f n vector on the right hand side of equation (11) fall below 1(10-6). The

definition of the vector two-norm is given by equation (12). Also, the maximum number

of iterations is limited to 1000.
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(12)

Theinitial guessfor the temperature profile with in the material for the fn-st n + 1

time step is assumed to 1000 K. For each additional n+ 1 time step, the initial guess for

the temperature profile is assumed to the final converged temperature profile from the

previous time step.

TCAT can analyze up to 100 nodes in a single material or 100 nodes total when

several disparate TPS materials are layered together. When different materials are layered

together, it is assumed that perfect contact exists and equation (13) gives the interface

condition for the heat transfer between the materials.

(13)

Also, it is assumed that no kinetic reactions occur in the boundary layer;

therefore, chemical equilibrium exists, while thermal equilibrium does not. Additionally,

all material properties are held constant throughout the analysis. At this time, temperature

dependent material properties are not incorporated in TCAT, but can be added as linear

interpolations or cubic spline functions.
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CHAPTERVI

TCAT PROOFOFCONCEPTRESULTS

Case 1: Tile In a Vacuum

This case study was conducted in order to demonstrate that TCAT's heating

analysis could model steady-state heat transfer. This case analyzed a 0.1016 m (4 in)

thick reinforced carbon carbon (RCC) tile with an applied 200 kW/m 2 convective heat

rate to the top surface of the material. The top surface boundary condition of the tile the

same given by equation (2) in Chapter V. Recall, equation (2) is a surface energy balance

that includes convection from the flowfield, radiation from the surface, and conduction

through the material. For this case, the adiabatic wall assumption given by equation (3)

was replaced by the conduction and radiative boundary condition given by equation (7).

The material properties for RCC at 300 K are given in Table 2.

Table 2. Case 1 Assumptions.

Material

Density, p

Specific Heat, cp

Thermal Conductivity, k

Emissivity, e

RCC

1580 kg/m 3

0.77 kJ/kg-K

4.3 W/m-K

0.79

Figure 9 shows the temperature history profile for the RCC tile. Both the surface

and backface temperatures attain steady state at approximately 1400 K and 800 K,
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respectively.Thesetemperaturesare under the 1900 K multiusetemperaturelimit of

RCC.

Figure 10 shows that all modes of heat transfer attain steady state. As expected,

the surface conduction started equal to the value of the constant convection term and

dropped off as the radiation from the surface increased. In addition, it can be seen that the

radiative heat flux from the backface lags and is small relative to that on the top surface.

This is due to the fact that most of the convective heat flux is reradiated away from the

top surface. In comparison, the radiative heat flux from the top surface is approximately

175 kW/m 2, and the backface radiative flux reaches approximately 20 kW/m 2. Also, it

can be seen that the conductive heat flux reaches an approximate steady-state value of 25

kW/m 2.

1600

1400 .....

_, 1200

t_

t_

E
[-

1000

8OO

6OO

4OO

200

500 1000 1500

Time (s)

2OO0

Surface Temp + Backface Temp

Figure 9. Temperature History Plot Case 1.
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Figure 10. Heat Rate History Plot Case 1.

Figure 11. One-Meter Nose Radius 37 ° Half-Angle Spherical Cone.
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Case 2: Trajectory-Based Transient Analysis

This analysis was conducted in order to provide a proof of concept for the

trajectory-based transient analysis capability of TCAT. The blunted spherical-cone in

Figure 11 was covered with 0.1015 m (4 in) thick RCC tiles and flown along the STS-1

descent trajectory. Figures 12-15 show pertinent information related to the STS-1 reentry

profile. Altitude vs. time is shown in Figure 12; velocity vs. time is shown in Figure 13;

angle of attack vs. time is shown in Figure 14, and Figure 15 shows altitude vs. velocity.

Table 3 lists the material properties of RCC at 300 IC

Table 3. Case 2 Assumptions.

Material

Density, p

Specific Heat, cp

Thermal Conductivity, k

Emissivity, e

RCC

1580 kg/m 3

0.77 kJ/kg-K

4.3 W/m-K

0.79

Figures 16-21 show temperature and heat rate histories for three locations on the

body of the blunted spherical-cone. The first is at the tip of the cone, S = 0; the second

lies on the windward side, S -- 0.925 m; and the third point is on the leeward side of the

cone, S -- - 0.925 m. "S" corresponds to running length along the cone starting from the

tip point defined as S = 0.

In Figure 16, it can be seen that the maximum temperatures in the nose region, at

S = 0, were approximately 1600 K and 700 K on the surface and backface, respectively.

According to the TPSX database, these temperatures are clearly below the 1900 K

multiple use limit of RCC. It is also clear that the surface temperature peaked before

reaching 1900 K on the back surface. This demonstrates RCC's ability to act as an

insulator. This is evident because the top surface temperature peaks and falls before that

of the backface of the material. Also, the backface of the material does not see

temperatures as high as those on the top surface.
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Figure 13. STS-1 Reentry Trajectory

Velocity vs. Time.

45

40

,-, 35
_UO

•_ 30

N 25

< 20

_ 15

= 10
<

5

0 500 1000 1500 2000

Time (sec)

E

.=
oM

<

120.00

100.00

80.00

60.00

40.00

20,00

0.00

t
0 5 10 15 20 25

Velocity (km/sec)

Figure 14. STS-1 Reentry Trajectory

Angle Of Attack vs. Time.

Figure 15. STS-1 Reentry Trajectory

Altitude vs. Velocity.

27



1400

1200

800 ......................................................... I600

200

0

0 1000 1500

"llme (s)

--4-- Backface Temp

Figure 16. S = 0 Point Temperature History Case 2.

If the thickness of the RCC tile is increased, then it will take longer for the effects

of the conduction into the material to reach the backface. This means the temperature

value will be lower, and it will take longer before it reaches its peak value. The opposite

would occur if the thickness of the RCC were decreased.

The surface heat rate histories for the nose region, S = 0, of the 37 ° half-angle

cone are shown in Figure 17. The conductive heating rate follows the convective heating

rate until the surface becomes hot enough to effectively radiate heat off the surface. This

causes a slope change in the conductive heating rate. After 200 seconds, the conductive

heating rate becomes negative at the point where the radiative heat rate away from the

surface of the RCC becomes greater than that of the convective heating rate. This means

that the flow field has become cooler than the surface of the material and heat is therefore

being removed from the RCC material.
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Figure 17. S = 0 Point Heating History Case 2.

Figures 18 and 19 show the temperature and surface heating histories for the point

located on the windward side of the vehicle at a running length of S = 0.925 m. The

maximum temperature attained at this point is approximately 1300 K, which is less than

the maximum temperature for the nose region. Also, the surface heat rate values for all

modes of heat transfer were less than those in the S = 0 region. This means this location

receives less of a heat load, which leads to lower backface temperatures over the course

of the trajectory. This occurs because the integrated heat load at the windward side

location is less than that at the S = 0 point and the TPS thickness at both locations is the

same. Therefore, the thickness of the RCC tile of the windward side location could be

decreased because the TPS is overdesigned. If this were an actual vehicle design, the

overdesign of the TPS would result in unnecessary TPS weight and higher overall cost

associated with the vehicle.
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Figure 18. Windward Body Point Temperature History Case 2.
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Figure 19. Windward Body Point Heating History for Case 2.
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Figures 20 and 21 show the temperature and surface heating rate histories at a

point on the leeward side of the blunted spherical-cone. It is evident that the same trends

are found here as those for the S = 0 region and windward side body locations discussed

earlier. Also, the temperature and surface heat rate values are lower than the other two

body points because the point is located on the leeward side of the vehicle mold line. On

the leeward side, shocks are weaker when positive angles of attack are sustained, as is the

case with the STS-1 descent trajectory of Figure 18.
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Figure 20. Leeward Body Point Temperature History Case 2.

Figure 22 gives a comparison of the temperature histories at each of the three

points considered, and reinforces the fact that the S = 0 region has greater temperature

values than the others considered.
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Figure 21. Leeward Body Point Heating History Case 2.
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Case 3: Stack Capability

One of the most important attributes of TCAT is its ability to analyze several

disparate TPS materials sandwiched together as a stack. TCAT can analyze a range of

two to five TPS materials layered together at a time. Figure 23 shows a representative

five layer TPS stack. This stack is not intended to represent any TPS arrangements that

are used in standard industry applications. It is intended as an example only.

The surface convective heat rate vs. time array obtained from the STS-1 trajectory

analyzed in MINIVER was applied to the stack shown in Figure 23. This analysis was

conducted at the point on the vehicle where the running length is defined as zero. Table 4

shows the thickness and number of nodes used for each of the materials.

--RTV

A1 Structure

Figure 23. Schematic of TPS Stack.

Numerically simulated temperature profiles for the surface, RCC/RTV interface,

and an aluminum (A1) structure backface are shown in Figure 24. The figure shows that

the stack served its purpose of thermally insulates the AI structure from the severe flow

field seen by the surface of the RCC. The temperature of the structure remained almost

constant at 300 K while the surface attained a maximum value of approximately 1600 K.
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Table 4. Material Thickness and Number of Nodes.

Material Thickness (ram) No. of Nodes

RCC

RTV

SIP

RTV

A1-Structure

152.4

2.0

4.0

2.0

25.4

I0

3

3

3

5
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Figure 24: Temperature Distribution for TPS Stack of Five Materials.

Benchmarking TCAT With SINDA

Benchmark solutions for TCAT were obtained using the commercial software

code SINDA. It is a thermal software package created by Network Analysis Associates,

and it is capable solving lumped parameter representations of physical problems

govemed by diffusion type equations such as the heat equation.
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Figure 25 shows a comparison of the SINDA and TCAT results for the transient-

based analysis of the RCC tile located at S = 0 on a 37 ° half-angle cone flown along the

STS-1 reentry trajectory. In addition, Figure 26 shows the results for the benchmark

solution of the transient trajectory heating analysis of the TPS stack as shown in Figure

23. As can be seen, the SINDA and TCAT results match reasonably well. Therefore, this

gives reassuring confidence in the solution methodology used in TCAT. Also,

benchmarking of the TCAT solutions provides a proof of concept for an analysis

capability that will be integrated into dynamic TPS design strategy.
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Figure 25. Benchmark Comparison of TCAT for RCC Tile on 37 ° Half-Angle Cone.

Another benchmark solution using SINDA was conducted in order to measure

TCAT's performance when used in the dynamic TPS design strategy. TCAT was used to

size materials on the 10 ° half-angle cone shown in Figure 27. The cone was flown along
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the STS-1 reentry trajectory and analyzedusing MINIVER in order to obtain the

convectiveheatratevs.time arrayfor eachbodypointin theMINIVER geometryfile.

1800

1600

14001200
t...

a

_ 800
e_

E,-
400

200

0 500 1000 1500 2000

Time (s)

_ Surface Temp × SINDA Surface ]

......... RTV/SIP (top) I"1 SINDA RTV/SIP (top)

...... RTV/SIP (bottom) O SINDA RTV/SIP (bottom)

Figure 26. Benchmark Solution Comparison of TCAT for Five Material TPS Stack.
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Figure 27. Schematic of 10 ° Half-Angle Cone.
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The materials sized by TCAT were LI-900 tiles and AFRSI blankets. The

blanketswerepositionedon theleewardsideof thecone,andthetileswereplacedon the

windward.A total of 60body pointsspacedtwo feetapartalongthe centermold line of

the 10° coneweredefinedon thegeometricmodelcreatedin MINIVER. This resultedin

30pointsontheleewardandwindwardsidesof thecone.

Due to time constraints,only a total of 15 body points were analyzedin the

SINDA heatinganalysis.Ten points on the leewardside of the cone were sizedwith

AFRSI blankets,and five pointssizedwith LI-900 tiles on the windwardside.Also, the

SINDA solutionusedthe sametrajectory,modelgeometry,TPSmaterialproperties,and

heatratesfrom MINIVER astheTCAT solution.

Thethermalresponsesof the two heatinganalyseswerecomparedalongwith the

differencesof the averageTPSunit weight values. The definition for the averageTPS

unitweight is givenby equation(14).

average TPS unit weight = (average TPS thickness)(rPS density) (14)

Table 5 shows the values obtained for the average TPS unit weights for the LI-

900 tiles and AFRSI blankets calculated by TCAT and SINDA. As can be seen, the

calculated average unit weights from TCAT and SINDA were very similar. The unit

weight for the LI-900 tiles calculated by TCAT only differed by 1.7% from the values

calculated by SINDA, and the AFRSI unit weight only differed by 0.62%!

Table 5. Comparison of TCAT and SINDA Average Unit Weights.

Material TCA T U. W. (Ibm/fi e) SINDA U.W. (Ibm/fi e) % Difference

LI-900 tiles 1.558 1.532 1.70

AFRSI blankets 0.654 0.658 0.62
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CHAPTERVII

TRADE OFFBETWEENACCURACYAND EXECUTIONTIME

The previous chapter focused on proof of concept cases to demonstrate the

capabilities of the TCAT heating tool. This chapter emphasizes the trade off between

numerical accuracy and execution time of TCAT. In order to determine this, a time step

sweep and spatial step sweep analysis was conducted. The time step is the amount of time

incremented between time level iterations in the solution of the heat equation, and the

spatial step is the distance between nodes in the numerical discretization of the TPS

material stack. The spatial step is directly controlled by changing the number of nodes

within each TPS material. As the number of nodes is increased, the spatial step is

decreased. This sweep analysis was performed on the windward and leeward sides of the

10 ° half-angle cone, Figure 27, at a point two feet from its tip.

The leeward side time step and spatial step sweeps were conducted using AFRSI

blanket material. The time sweep range was from 1 to 200 seconds with calculations

being conducted at temporal increments of 1, 2, 5, 10, 25, 50, 100, and 200 seconds. The

spatial step was controlled by the number of nodes that were placed in the AFRSI blanket

material, and ranged from 10 to 80 nodes. The TCAT solution whose temperature results

agreed best with the SINDA results was selected as the reference condition in this study.

The SINDA solution that was used for the comparison utilized the same heating

information, trajectory, and body point information for the 10 ° half-angle cone as the

TCAT combination solutions.

Tables 6-9 list the maximum relative percent error calculated for each of the

combinations of time step and number of nodes considered. The percent errors in the

tables represent the maximum error of the surface and backface temperatures of each test

combination compared to the same temperatures of the reference combination. The
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referencecombinationfor the leewardsidenumericalanalysiswas a time stepof 1 sec

with 40 nodeswithin theAFRSImaterial.In additionto AFRSI, this stackalsoconsisted

of RTV and GrEx.RTV andGrExwere discretizedwith 10nodalpoints for all of the

possible combinationsconsideredin the leeward numerical sweep analysis. The

definitionsof themaximumrelativeerrorsusedto calculatethe valuesin Tables6--9are

givenby equations(15)and(16),respectively.

surface rel error = max (ref surf temp - test case surf temp) , 1O0
avg( ref surface temperature)

(15)

backface relative error = max (ref backface temp - test case backface temp) , 100 (16)
avg( ref backface temperature)

The average reference temperatures for Tables 6 and 7 were 612.9 K and 383.9 K,

respectively. These are the average temperatures that occurred on the top surface and

backface of the AFRSI material stack for the time duration of the heating analysis.

It can be seen that the lowest relative error for the surface temperature comparison

in Table 6 occurred for a time step of 2 seconds and 40 nodes. This indicates that for a 1

second increase in the time step the maximum deviation of the surface temperature

profile from reference solution is 1.06 %. It is desired to find a combination that will

yield accurate results within 5-10% of the reference solution and require low CPU times.

Short execution times are desired so that rapid and accurate calculation results are

returned for a TCAT analysis conducted over the World Wide Web. Therefore, the best

combinations of time step and number of nodes for the leeward side analyses are the

circled entries in Tables 6 and 7. It was found that circled values in the table have an
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executiontime of approximately 30 seconds per body point compared to three minutes

for the reference solutions.

The asterisks in the tables indicate that a solution was not obtained for the

considered combination. It is suspected that for each of the combinations with an asterisk,

and in fact, for all of the combinations with 50 or more nodes, round-off errors (due to

small Ax) were significant and negatively affected the results. This is evident by the

nearly constant or increasing values of the relative error that occurred as the time step and

the number of nodes were increased. Thus, the runs with 50 or more nodes on the leeward

side analysis are suspect due to round-off. This problem could be alleviated by non-

dimensionalizing the spatial terms in the governing equations prior to numerical solution.

Table 6. Maximum Relative Error for Leeward Point Surface Temperatures.

5

10

10

1 9.5 %

2 10.3 %

12.6 %

16.5 %

25.8 %

42.7 %

81.7 %

97.2 %

Number of Nodes
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1.0%
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Q o©
24.3 %
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25
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100

200

35.6 %

40.0% 39.1% 39.4 % * * * *

82.7 % 84.0 % 87.8 % 66.9 % 66.1% * *

97.1% 96.6 % 92.9 %96.4 % 92.4 % 91.9 % 91.9 %

[,9 Suspected Round-Off Effect
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Table 7. Maximum Relative Error for Leeward Point Backface Temperatures.
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gl,
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8.5% 5.0% Reference 6.4% 9.7%

8.5% 5.0% 0.04% 6.4% 9.7%

(,,8.4 °/_) _4.9 %) 9.9% * *

• •
7.9 % 4.6% 0.40% * *

7.4% 4.3% 0.66% * *

5.5% 3.2% 3.3% 5.8% 9.6%

2.6% 1.0% 1.5% 3.5% 5.7%

70 80

12.6% 14.9%

11.7% 11.7%

l Suspected Round-Off Effect
rl

The maximum values for the relative error of the time step and nodal number

sweep analysis conducted on the windward side of the cone are given in Tables 8 and 9.

The reference solution for the windward side analysis was selected in the same manner

described for the leeward side analysis. Also, the windward side LI-900 tile TPS stack

had four other material layers below the top tile material. These included two layers of

RTV adhesive, a strain isolator pad, and the GrEx backface material. Each of these had

10 nodes that were held constant for each of the combinations that were analyzed in

Tables 8 and 9. Finally, considering CPU time and accuracy tradeoffs, the best

combinations of time step and number of nodes are indicated by the circled elements.

The combination of 40 nodes with a time step of 10 seconds was selected for

leeward side WWW applications, and a combination of 40 nodes and a 5 second time

step was selected for windward side applications.
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Table 8. Maximum Relative Error for Windward Point Surface Temperatures.

Number of Nodes

10 20 30 40 50 60

1

o 2

e_.
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..m25

5O

12.40 %
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4.40 %

9.14%

22.13% 19.58% 19.02% 18.82% 18.72% 18.60%

43.26% 41.55% 41.19% 41.07% 40.99% 40.89%

67.09% 67.04% 67.03% 67.03% * *

Table 9. Maximum Relative Error for Windward Point Backface Temperatures.
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7.93 % 3.14 % 0.36 %

7.76 % * *
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CHAPTERVIII

WORLD WIDE WEBINTERFACE

Software Coupling

The motivation for the dynamic TPS sizing solution strategy is to have TCAT,

ADS, and TPSX coupled in order to conduct the heating analysis and dynamic TPS sizing

strategy via a WWW interface. This was accomplished using hyper-text-markup-

language (HTML) and common-gateway-interface (CGI) scripting. The HTML and CGI

programming was done on a UNIX platform.

Welcome to TCAT - Thermal Calculation Analysis Tool

Figure 28. Screen Capture of TCAT Greeting.
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At the initiation of the interface,theuseris greetedby an animatedGIF for the

TCAT program,shownin Figure28.After goingthroughthegreeting,theuserviews the

main workingenvironmentof theweb interface.The interfacewindow asseenin Figure

29 is subdividedinto threedifferentframes:a headerat thetop of thewindow with input

and output windows on the lower left and right hand sides,respectively.The input

window providestheuserwith six differentTPS design options. The fn'st three involve

design options of TPS systems that include several materials for the fuselage, cowl, and

wing of a vehicle. The three remaining options allow the user to chose a particular TPS

material and size it for the fuselage, cowl, and wing of a vehicle. Inputs and outputs

listings for each of the design options are listed in Tables 10-15.

TCAT-Thermal Calculation Analysis Tool

wekome 10 TC/I_:. Pleasemake ,your _S dt't_. ...........................
saee_n I_k_,A.. TCAT - Ol rTP(Yr

WINDOW

RLV wn__ _ dt.sim w_s_ _S _1_

_],Y_towl TI_ dklim with t_,t.nd TI_ mmrrlal..

RLV felel __e TP8 des'_umwith a lla_le matedal_

RI_Nwm__'rp8 d_iln wit m,imle TIPSmm_'ial,

RI,V cowl TItS dHi_ will, • slnth,TPS mmerlml.

I'__'_,_. _,-_9,___- '" _ ;, " _-n___,(!_

Figure 29. Screen Capture of TCAT Working Environment.
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Thenext two subsectionsdiscussthe processescarriedoutby the scriptswritten

for the automatedAeroheatinganalysisbeingdiscussed.The first subsection will discuss

the details of the CGI scripts written for the TPS design involving several materials and

the second will discuss the TPS design with a single material chosen by the designer.

Table 10. Inputs and Outputs for Fuselage TPS Design with Several Materials.

Inputs Outputs

Approximate wetted body area

Area % dominated by windward CL

Area % dominated by leeward CL

Backface material (GrEx or TiA1)

Windward or Leeward side

SHARP material on nose (Yes or No)

TPS material family

Name of MINIVER output file to be used

Thickness and material at each body point

Average unit weight for all materials

Weight of SHARP material on nose

Average unit weight of each material

Ratio of each TPS material to fuselage

Table 11. Inputs and Outputs for Wing TPS Design with Several Materials.

Inputs

Approximate wetted wing area

Area % dominated by windward CL

Area % dominated by leeward CL

Backface material (GrEx or TiA1)

Windward or Leeward side

SHARP material on wing (Yes or No)

TPS material family

Name of MINIVER output file to be used

Outputs

Thickness and material at each body point

Average unit weight for all materials

Weight/length of SHARP on leading

Average unit weight of each material

Ratio of each TPS material to wing area
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Table 12. Inputs and Outputs for Cowl TPS Design with Several Materials.

Inputs Outputs

Approximate wetted cowl area

Area % dominated by windward CL

Area % dominated by leeward CL

Backface material (GrEx or TiA1)

Windward or Leeward side

SHARP material on cowl (Yes or No)

TPS material family

Name of MINIVER output file to be used

Thickness and material at each body point

Average unit weight for all materials

Weight of SHARP on cowl leading edges

Average unit weight of each material

Ratio of each TPS material to cowl area

Table 13. Inputs and Outputs for Fuselage TPS Design with One Material.

Inputs Outputs

Approximate wetted body area

Area % dominated by windward CL

Area % dominated by leeward CL

Backface material (GrEx or TiA1)

Windward or Leeward side

SHARP material on nose (Yes or No)

TPS material to be used

Name of MINIVER output file to be used

Thickness at each body point

Weight of SHARP material on nose

Average unit weight of material

Ratio of TPS material to fuselage area
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Table 14. Inputs and Outputs for Wing TPS Design with One Material.

Inputs Outputs

Approximate wetted wing area

Area % dominated by windward CL

Area % dominated by leeward CL

Backface material (GrEx or TiA1)

Windward or Leeward side

SHARP material wing (Yes or No)

TPS material to be used

Name of MINIVER output file to be used

Thickness at each body point

Weight/length of SHARP on lead edges

Average unit weight of material

Ratio of TPS material to wing area

Table 15. Inputs and Outputs for Cowl TPS Design with One Material.

Inputs Outputs

Approximate wetted cowl area

Area % dominated by windward CL

Area % dominated by leeward CL

Backface material (GrEx or TiAl)

Windward or Leeward side

SHARP material on cowl (Yes or No)

TPS material to be used

Name of MINIVER output file to be used

Thickness at each body point

Weight of SHARP on cowl leading edge

Average unit weight of material

Ratio of TPS material to cowl area

Multiple Material Design Script

The first part of this script obtains the information from the website input frame

and parses the information into the mesh type variable "$FORM{$name}." Next, the

script goes through the MINIVER output file and creates individual files for each of the

body points that contain time, convective heat rate, and radiation equilibrium

temperature. This is accomplished by using an until-end-of-file-loop that searches line-

by-line of the short version of the MINIVER output file. The MINIVER output file

contains blocks of data for each of the points defined in the MINIVER input deck. Each
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block of data beginswith a line of text followed by columnsof data that include

informationsuchastime, heatrate,heatload,etc.,and endswith a "-1" flag. Theuntil-

end-of-file-loopstartsat thetext line, andparsesthroughthecolumnsof datauntil the"-

1" flag is reached.This processis donefor all of thebody point blocksuntil the end of

theMINIVER outputfile is reached.

Oncethis is completed,the script determinesthe TPSmaterial to be usedat a

particular body point based on the radiation equilibrium temperature. This is

accomplishedby a "for" loop with nestedif/thenconditionalstatements.The "for" loop

marchesthroughthe body points,and the conditionalstatementsdeterminethe material

to beusedbasedon temperaturelimits. In orderto preventapatchworkof materialsfrom

beingchosen,an intelligentsystemhadto becreated.This wasaccomplishedby looking

at threedifferentbodypoints at a time anddeterminingthat thematerialsusedwere the

samefor thosethreepoints.If thematerialson thetwo endsweredifferentfrom theone

in themiddle and the middle material had a higher temperature limit, then the CGI script

would switch the outer materials to that of the middle one. If the materials on the ends

have higher temperature limits, then the middle material is changed to match those on the

ends. After the materials are determined, the heating analysis is conducted. This is

completed by a "for" loop using system-level calls that execute the FORTRAN code

written for the heating analysis. After the heating analysis is completed, values for

material thicknesses, unit weights, and acreage percentages are determined. These are in

turn printed to the output window of the user web-interface.

Single Material Design Script

The process for a single TPS material is the same as that for several materials

except that the CGI script does not determine the TPS material used. Instead, the user

determines the material to be used as an input on the web-interface.
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TPS Materials Selection

It was mentioned that the TPS materials for the multiple TPS material design

option are selected by the CGI script based on the radiation equilibrium temperature

obtained from MINIVER. These materials are segregated into three different groups:

Shuttle technology materials, next generation RLV materials, and a combination of the

two groups. Tables 16 - 18 list the materials in each of the groups. The user supplies the

TPS material in the single material design options, Table 19. Also, the user has the option

of selecting the type of bacEface material that is used in the TPS sizing analysis. There

are two material options the user can choose from for the backface: graphite epoxy and

titanium aluminide.

It is important to note that the next generation RLV materials are currently under

development; therefore, specific information (i.e. material properties and unit weights) is

restricted and cannot be published at this time. It can only be mentioned that such

materials are included in design options for a restricted version of TCAT. On the other

hand, information about the Shuttle technology materials group is not restricted, and is

available for use on the unrestricted WWW version of TCAT.

Table 16. Shuttle Technology Materials.

Windward Materials

RCC tiles

LI-2200 tiles

FRCI tiles

Leeward Materials

FRCI tiles

AFRSI blankets

FRSI blankets

Table 17. Next Generation RLV Materials.

Windward Materials

RCC tiles

SiC tiles

TUFI tiles

Leeward Materials

CFBI blankets

AFRSI-2500 blankets

AFRSI-2200 blankets

DURAFRSI blankets
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Table 18. Group Combination of Materials.

Windward Materials

RCC tiles

SiC tiles

AETB- 12 tiles

AETB-8 tiles

LI-900 tiles

Leeward Materials

CFBI blankets

AFRSI-2500 blankets

AFRSI-2200 blankets

DURAFRSI blankets

PBI blankets

Table 19. Options for Single TPS Material Design.

Windward Materials Leeward Materials

AETB-8 tiles

AETB- 12 tiles

FRCI tiles

FRCI 20 tiles

LI-900 tiles

LI-2200 tiles

RCC tiles

SiC tiles

TUFI tiles

AFRSI blankets

CFBI blankets

DURAFRSI blankets

PBI blankets

TABI blankets

I Blanket TPS Material
RTV-Adhesive

GrEx Structure

_ Backface Temp

Assumed as an

, _Sized by ADS

_0.118in thick

_ O.118in tl_ck

Constraint is 350F

adiabatic wall

Figure 30. Schematic for Three Material Stack.
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Materials used are either blankets or tiles. Each material is modeled as a TPS

material stackup where the material chosen is the one that is sized. The blanket materials

consist of a three layer stackup that includes the blanket insulation, an adhesive, and the

backface material. Five materials make up tile configuration: a tile, an adhesive, a strain

isolator pad, an adhesive, and the backface material. Figures 30 and 31 show schematics.

TAle TPS Material

i i i

RTV-Adhesive

Strain Isolator Pad

RTV-Adhesive

GrEx Structure
i

Sized by ADS

i

0.118in thick

0.157in thick

0.118in thick

0.118in thick

Backface Temp Constraint is 350F

Assumed as an adiabatic wall

Figure 31. Schematic for Five Material Stack.

TUFI tiles are not modeled like those shown in Figure 31. Instead, they are

modeled as laminates because of their high density, which can lead to undesirably high

unit weights. Therefore, TUFI is assumed to maintain a constant thickness while AETB-

8, placed underneath, is sized by ADS. Figure 32 shows this arrangement.

Laminate TPS Mater_al
i i

AETB-8 TPS material

a_Adhesive- .....

Strain Isolator Pad

RTV-Adhesive

0.1in thick

Sized by ADS

0. 118in thick

0.157in thick
i

0.118in thick
llll

_Backface Temp Constraint is 350F

Assumed as an adiabatic wall

Figure 32. Schematic for Laminate Materials.
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CHAPTERIX

DYNAMIC TPSDESIGNSTRATEGYRESULTSAND APPLICATIONS

Single Material Design

A 10 ° half-angle spherical cone was chosen in order to demonstrate and test the

user interface created for the one material TPS design option. The chosen trajectory was

again the STS-1 reentry trajectory used earlier in Chapter VI. Figure 33 shows the

geometry used to create the MINIVER input deck. Body points were placed two feet

apart on the surface of the cone resulting in 30 body points for both the leeward and

windward sides. The TPS materials of choice were AFRSI, Advanced Flexible Reusable

Surface Insulation, blankets for the leeward surface and LI-900, 9 lb/ft 3 ceramic tiles, for

the windward side. These two materials are shown in Figures 34 and 35 with inputs for

each of the analyses shown in Tables 20 and 21.

CL

10 deg haft angle

Rn = 0.083 ft

,,I 5g.o ft v I

Figure 33. Schematic of 10 ° Half-Angle Cone.
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Figure 34. LI-900 Tile Sample. 2

Figure 35. AFRSI Blanket Sample. 2

Table 20. Inputs for Windward Side Analysis.

Input

Surface area

Percent of area dominated by windward centerline

SHARP on nose

TPS Material

Backface Material

Value

1964.2 ft _

0.33

YES

LI-900

Graphite Epoxy
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Table 21. Inputs for Leeward Side Analysis.

Input

Surface area

Percent of area dominated by leeward centerline

SHARP on nose

TPS Material

Backface Material

Value

1964.2 f12

0.67

YES

AFRSI

Graphite Epoxy

The heating analysis was conducted using TCAT in order to size the TPS

materials at body points defined along the centerline of the leeward and windward sides

of the cone. The calculated thickness values were then used to determine an average unit

weight, equation (14) in Chapter VI, for each material of the TPS. The heating analysis

was not conducted at the tip of the cone because TCAT is not capable of capturing 2-D

heating effects. It was determined that SHARP materials were needed at the tip of the

cone because according to MINIVER calculations the radiation equilibrium temperature

exceeded 3500 ° F. SHARP materials are ultra high temperature ceramcs, such as hafnium

diboride, that can withstand extreme temperatures resulting from high heating rates.

These materials are under development by NASA Ames Research Center, and their

design application is as a small radii leading edge, passive TPS for slender hypersonic

vehicles. Hafnium diboride can withstand temperatures higher than the multi-use

temperature limits of all other tile materials in the NASA Ames TPSX database. Arcjet

test results have shown these materials can withstand temperatures in excess of (2480 K)

4000 ° F without material ablation.

Results of the TPS sizing for each side of the cone are given in Table 22. The

unit weight obtained for the LI-900 tiles was approximately 1.42 lbm/ft 2 with thicknesses
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rangingfrom 1.78to 2.25inches.A typicalunit weightfor windwardsidetiles is between

1.4and 1.6lbm/fff. Theunitweight for theLI-900 tiles is thereforeagoodapproximation

of the averageunit weight for thetileson the windwardsideof thecone.The 0.5 lbm/f_ 2

unit weight for the AFRSI blankets, includes a 0.3 lbm/ft 2 added areal weight. The

desired range for the unit weight of leeward side blankets is from 0.4 to 0.6 lbm/ft 2. The

thicknesses of the AFRSI blankets on the leeward side of the cone ranged from 0.25 to

1.68 inches.

Table 22. Output for 10 ° Half-angle Cone Heating Analysis.

Output

LI-900 Unit Weight

LI-900

LI-900

AFRSI

AFRSI

AFRSI

Area to Body Area Ratio

Average Thickness

Unit Weight

Area to Body Area

Average Thickness

Value

1.42 lbm/fi 2

0.33

1.9 in

0.50 lbm/ft 2

0.67

0.40 in

Figure 36 shows examples of the iteration history of the LI-900 tile thickness for

several body points on the windward side of the 10 ° half-angle cone. The locations of the

body points are 2, 10, and 30 feet from the tip of the cone, respectively. The thickness of

the each tile was controlled by the optimizer program ADS. ADS changed the thickness

of the tiles at each of the body points in order to satisfy the temperature constraints that

were set. As mentioned before, ADS is segmented into three levels: strategy, optimizer

and one-dimensional search. The settings for each level used in this application and all

others in this chapter are given in Table 23. As can be seen from Figure 36 the thickness
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of the tile material at each of the body points converged within 4 to 5 iterations, and the

thickness decreased for points further back on the cone.

3.000

2.750

g=
.m

2.500

_ 2.250

2.000

1.750

tl

)L & &

i i r l

0 1 2 3 4 5

SLP Iterations

+ point wl + point w5 _ point wl0]

Figure 36. LI-900 Thickness Iteration History.

Table 23. ADS Settings.

ADS Operation Level

Strategy

Optimizer

One Dimensional Search

Setting

Sequential Linear Programming

Modified Method of Feasible Directions

Golden-Section Method
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Multiple Material Designs

As discussed earlier, TPS materials for this design option are chosen from three

different TPS material groups. These are Shuttle technology materials, next generation

RLV materials, and a combination of the Shuttle technology and next generation RLV

material groups. The 10" half-angle cone in Figure 33 and the five-foot wide wedge

configuration in Figure 38 were flown along the STS-1 reentry trajectory and used to size

TPS for the three material groups. Only results from the Shuttle technology materials

group will be presented due to the sensitive nature of the next generation RLV and group

combination TPS materials.

10 ° Half Angle Cone - Shuttle Technology Materials

The inputs for this analysis are the same as those for the single TPS material

analysis except for the fact that the TPS materials were not input by the user. Instead,

TCAT determined the TPS at each point based on the maximum radiation equilibrium

temperature predicted by MINIVER. Results of the analysis showed that a combination

of FRCI tiles, Fibrous Reinforced Composite Insulation, and LI-2200 tiles, a 22 lbm/fl 3

rigid ceramic tile, were used on the windward surface, and AFRSI blankets were used on

the leeward surface of the cone.

Table 24 gives a detailed description of the output for the analysis of the 10 ° cone

with the Shuttle technology materials. The thicknesses for the AFRSI blankets ranged

from 0.25 to 1.65 inches. The LI-2200 tile thicknesses ranged from 1.45 to 1.89 inches,

and the FRCI tiles were between 1.21 and 1.70 inches thick. Again, the AFRSI unit

weight includes a 0.3 lbrn/ft 2 additive areal weight. The unit weight of the AFRSI

blankets is a reasonable estimate, but the values for the LI-2200 and FRCI tile unit

weights are rather high in comparison to the target range discussed previously. The high

unit weight value for the LI-2200 tiles most likely occurs since they roughly only account

for 1% of the wetted TPS body area. This means that where the LI-2200 tiles are placed

they are rather thick. Since their unit weight is based on the average thickness times the

density of the material the unit weight will be high. In order to lower the unit weight
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valuefor LI-2200morepointson theconeneedto becoveredwith thinnerLI-2200tiles.

Theunit weight obtainedfor theFRCI tiles is moredesirable,but is still quite high. The

FRCI unit weight is high for the samereasongiven for the LI-2200 unit weight. It is

important to mention that thesematerialsare Shuttle technology.Once again, it is

expectedthat more recentadvancementsin materialtechnologywill lead to lower unit

weights for TPS materials.Figure 37 gives an illustration of the TPS layout for the

Shuttletechnologymaterialson the10° half-anglecone.

Table 24. Shuttle Era TPS Materials on 10°Half-Angle Cone.

Output

AFRSI Unit Weight

AFRSI TPS Area to Body Area

AFRSI Average Thickness

LI-2200 Unit Weight

LI-2200 TPS Area to Body Area

LI-2200 Average Thickness

FRCI Unit Weight

FRCI TPS Area to Body Area

FRCI Average Thickness

Value

0.5 lbrn/fi 2

0.67

0.4 in

2.84 Ibm/ft 2

0.0990

1.51 in

1.43 lbrn/ft 2

0.2310

1.44 in

CL

FRCl

Figure 37. Shuttle Technology TPS Material Mapping on 10 ° Half-Angle Cone.
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Multiple Angle Wedge - Shuttle Technology Materials

The multiple angle wedge configuration, shown in Figure 38, is a different

analysis than that of the 10 ° half-angle cone. In this analysis, tangent wedge

approximations were used instead of tangent cone approximations for the flow analysis

conducted by MINIVER. Also, the body area percentages covered by blankets and tiles

were different. The amount of surface area covered by tiles is 50%, with the same

percentage for blankets. Further, there will be compressibility effects from the surface of

the wedge due to the change in the flow angle over the surface of the wedge. The surface

area used for the calculations was 909 ft 2 with SHARP materials are used on the leading

edge of the nose due to the high radiation equilibrium temperatures at the tip of the

wedge.

CL

10 deg half angle _ _.-...

5 deg haft angle ---_

_S ........

s=of 

v I--_ 29.89 ft _ -_ 29.54 ft

Figure 38. Schematic of Multiple Wedge Test Article.

Table 25 shows that AFRSI was selected as the material of choice for the leeward

side of the wedge with a unit weight of 0.49 lbm/fl 2 including the 0.30 lbm/fl 2 added areal

weight; the thickness for the AFRSI blankets ranged from 0.25 to 1.60 inches. The

materials selected for the windward side of the wedge were LI-2200 tiles and FRCI tiles.

There was a small area at the tip of the wedge that required LI-2200, and the recorded

thickness was 1.89 in. The FRCI tile thicknesses ranged from 1.31 to 1.69 inches. The

unit weight for the LI-900 material was relatively high at 3.46 lbm/fl 2. This is due to the

fact that the area covered by LI-900 is only 0.17% of the total surface area. The FRCI
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unit weight was 1.40 lbm/fi 2, which shows that if more surface area is available for the

TPS material to occupy, then the unit weight will decrease. Figure 39 gives an illustration

of the TPS layout for the Shuttle technology materials on the multiple angle wedge.

CL

-'! e _,.t t t /s / t i
U_OO , , ,, l//..;;

Figure 39. Shuttle Technology TPS Material Mapping on Multiple Angle Wedge.

Table 25. Shuttle Technology TPS Materials On Multiple Angle Wedge.

Output

AFRSI Unit Weight

AFRSI TPS Area to Body Area

AFRSI Average Thickness

LI-2200 Unit Weight

LI-2200 TPS Area to Body Area

LI-2200 Average Thickness

FRCI Unit Weight

FRCI TPS Area to Body Area

FRCI Average Thickness

Value

0.49 lbm/ft 2

0.5000

0.38 in

3.46 lbrn/fl 2

0.0167

1.89 in

1.40 lbm/fi 2

0.4833

1.40 in
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CHAPTERX

CONCLUSIONSAND RECOMMENDATIONS

This thesis presented the dynamic TPS design strategy to help integrate

AeroheatinganalysisandTPSsizinginto a conceptualRLV designframework.This new

strategy introduces feedback links into the design structure matrix enabling

communicationbetweenAeroheatingand the other key RLV designdisciplines (i.e.,

Aerodynamicsand Trajectory).Also, the dynamicTPSsizing strategyallows sizedTPS

values to be revised and optimized during each iteration of an RLV design.

The integration of Aeroheating analysis involved the coupling of four design

tools: TCAT, ADS, MINIVER, and TPSX. TCAT, the Thermal Calculation Analysis

Tool, is an original code written for this research that uses finite difference methods

coupled with optimization techniques in order to a conduct a transient, trajectory-based

heating analysis to design and size the TPS of an RLV. The Automated Design Synthesis

tool (ADS) is a software package that uses algorithms for the solution of constrained and

unconstrained optimization problems. MINIVER is an analysis code that models the

flowfield heating effects of important regions of an RLV. The Thermal Protection System

Expert (TPSX) is a material properties database that is used for the selection of materials

that will provide the thermal barrier insulation to the surface of an RLV.

Once these four computational tools were coupled together, a user interface was

created in order to conduct the heating analysis and dynamic TPS sizing strategy via the

World Wide Web. This was accomplished using hyper-text-markup-language (HTML)

and common-gateway-interface (CGI) scripting. The HTML and CGI programming was

done on a UNIX platform which provided the freedom of using the CGI scripts.

Results showing proof of concept for the heating code TCAT were also covered.

These included a steady-state heating analysis given a constant heat rate applied to the
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top surface of a tile. In addition, transient heating analyses capabilities based on a given

trajectory were conducted. In addition, the ability to analyze a stack of disparate TPS

materials was demonstrated. Benchmark solutions with the commercial heating code

SINDA were performed and showed that results of the TCAT heating tool and dynamic

TPS sizing strategy matched comparatively well.

A numerical analysis of the accuracy and execution time for the TCAT heating

code was conducted by performing a sweeping analysis of the time step and spatial

resolution. Results showed that the time required to perform the heating analysis at a

single body point on a given geometry could be lowered from three minutes for an

accurate solution to approximately 30 seconds with only a ten percent loss in accuracy.

Also, several applications demonstrating the performance of the automated

dynamic TPS sizing strategy over the WWW were performed. Results showed that the

TCAT tool can perform well as an acerage TPS design tool, and they proved the

functionality of the TCAT tool in conceptual level RLV design.

There are some of recommendations if future work in this research is pursued.

1. The simple implicit method used to conduct the heating analysis in TCAT should

be replaced with the Crank-Nicolson method. This is the same method used in the

heating code SINDA. It is proven that the Crank-Niocolson method requires fewer

nodes and less execution time. Along with this, it is numerically more accurate than

the simple implicit scheme.

2. It is also recommended that a "problem specific optimizer" be written for the TPS

sizing portion of the design strategy. ADS is a "general problem optimizer" in the

sense that it was created to handle many different types of engineering design

problems. It was found that ADS has many controlling parameters that have to be fine-

tuned in order to achieve an optimal answer. A "problem specific optimizer" can

alleviate this fine-tuning issue.
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APPENDIXA

STS-1REENTRYTRAJECTORYINFORMATION
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Time Velocity Alpha Beta

(sec) (kftls) (degrees) (degrees)
45.3

90.3

135.3

225.3

270.3

315.3

360.3

405.3

450.3

495.3

785.3

809.3

833.3

857.3

881.3

905.3

929.3

953.3

977.3
1025.0

1049.0

1073.0

1240.0

1302.0

1364.0

1426.0

1488.0

1550.0

1612.0

1674.0

1736.0

1860.0

Altitude

(kft)
373.8 24,6

351.5 24,6

329.5 24.6

288.0 24.7

269.7 24.6

256.3 24.5

250.2 24,2

247.0 23,9

244.6 23,6

242.5 23,3

225.2 20.4

223.0 20.0

219.0 19.7

215.3 19,2

211.4 18,8

207.6 18.3

205.6 17,8

202,5 17.2

197.2 16.5

187.2 15.1

182.6 14.4

179.6 13.6

150.0 8.3

133.9 6.8

t 17.4 5.3

106.2 4.1

89.1 2.9

76.4 1.9

57.4 1.2

41.7 0.8

27.6 0.7

3.3 0.5

41.3

41.2

40.5

41.9

39.4

40.7

41.7

40.0

39.3

39.7

40.2

40.2

40.3

40.4

40.1

40.3

40.0

42.0

40.9

39.9

39.4

39.5

34.1

28.2

23.1

20.3

16.5

10.9

7.8

7.7

7.1

3.8

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
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TCAT FORTRAN SOURCE CODE
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program tcat

C

c program to numerically optimize TPS unit weight for a TPS stack

c consisting of three dissparate TPS materials

c

c Kris Cowart, 17 Nov 99, updated 22 Nov 99

c

implicit none

integer nra,ncola,nrwk,nriwk,ndv,ncon,igrad,iwk(500),istrat,iopt,

lioned,iprint,info,i,idg(24),ic(24),n,j,matnum,nodes(6)

real*8 x(12),vlb(12),vub(12),g(24),a(300,300),templmt(12)

real*8 wk(1000),df(12),obj,ngt,epsi,initT,dt,time(5000),qcv(5000),

lqrad(5000),qcond(5000),T(5000,100),k(6),den(6),cp(6),L(6)

c Also change in line above

nra=300

ncola=300

nrwk=1000

nriwk=500

c Problem setup 1 design variable, 6 constraints (2*number of materials)

ndv=l

ncon=10

c finite difference computed gradients

igrad=0

c set constraint types (g less than or equal to zero)

c note: linear, inequality constraints should have idg = 2.

c non-linear, inequality constraints should have idg = 0.

do i=l,ncon

idg(i)=2

enddo

c

c read the initial guess for the thickness of the top TPS material

c

c obtain the istrat,iopt,ioned, and iprint info from input datafile

c

c read in the inputs from file

c

open(10,file='inputs.in')

read(10,*) matnum

read(10,*) dt

do i=l,matnum

read(10,*) nodes(i)

enddo

read(10,*) epsi

do i=l,matnum

read(10,*) k(i)

enddo

do i=l,matnum

read(10,*) den(i)

enddo

do i=l,matnum

read(10,*) cp(i)

enddo

read(10,*) initT

do i=l,matnum

read(10,*) L(i)

_/number of materials

I/time step

!/number of nodes per material

!/emmissivity of surface

!/thermal conductivities

J/densities

!/specific heats

!/initial temperatures

!/thicknesses
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enddo

do i=l,2*matnum

read(10,*) templmt(i)

enddo

read(10,*) istrat

read(10,*) iopt

read(10,*) ioned

read(10,*) iprint

close(10)

!/temp limits for each material

!/strategy of optimizer

!/optimizer chosen

!/one-d search method

!/print format

open (9, file= 'material_density' )

write (9,*) den(l)

close (9)

c

c set the value of the design variable; the thickness of the top TPS material

c

x(1)=L(1)

c

c set upper and lower boundaries on the design variable

c

vlb(1)=0.00635 i/ thickness in meters (0.25 inches)

rub(1)=0.241303 !/ thickness in meters (9.5 inches)

c

c call ads to initialize

c

c info=0 !/ use ads default parameters

info=-2 ]/ change ads default parameter

call ads (info,istrat,iopt,ioned, iprint,igrad,ndv,ncon,x,vlb,vub,

lobj,g,idg,ngt,ic,df,a,nra,ncola,wk,nrwk,iwk,nriwk)

c print*

c print*,'info=',info

c print*

c pause

c

c Change ADS default parameters if necessary

c Note: many settings are problem specific. Check several variations.

c

c set ctlmin to .0001 for linear constraints (allowable violation)

wk(5) = .0001

c

c set ctmin to .001 for non-linear constraints (allowable violation)

wk(6) = .001

c turn off automatic scaling

c

c iwk(2)=0

c

c reduce modified method of feasible directions push off factor

wk(35) = 0.001

c

c change relative and minimum absolute finite difference step size

wk(21) = l.e-4

wk(22) = l.e-4

c
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change absolute and relative convergence criteria (optimizer-level)

wk(8) = l.e-3

wk(12) = l.e-4

change absolute and relative convergence criteria (strategy-level)

wk(10)= l.e-3

wk(14)= l.e-4

c

c change the maximum relative and absolute stepsize of the design variable

c taken in the first step of the one-d search

wk(17)=l.e-3

wk (18) =le-4

c

c change convergence criteria for Golden Section (if used)

wk(7) = l.e-5

wk(ll) = l.e-6

change machine zero

wk(37) = l.e-10

increase maximum number of iterations

iwk(3) = I00

iwk(7) = 100

c

c Main Optimization Loop

c

30 call ads (info,istrat,iopt,ioned,iprint, igrad,ndv,ncon,x,vlb,vub,

lobj,g,idg,ngt,ic,df,a,nra,ncola,wk,nrwk,iwk,nriwk)

if (info.eq.0) then

write(*,*) ' optimization completed'

write(91,2)

do j=l,n

write(91,4)time(j),qcv(j),qrad(j),qcond(j)

enddo

if(matnum.eq.l)then

write(90,1)

do j=l,n

write(90,3)time(j),T(j,l),T(j,nodes(1))

enddo

elseif(matnum.eq.2)then

write(90,5)

do j=l,n

write(90,6)time(j),T(j,l),T(j,nodes(1)),T(j,nodes(1)

l+nodes(2))

enddo

elseif(matnum.eq.3)then

write(90,7)

do j=l,n

write(90,8)time(j),T(j,l),T(j,nodes(1)),T(j,nodes(1)

l+nodes(2)),T(j,nodes(1)+nodes(2)+nodes(3))

enddo

elseif(matnum.eq.4)then

write(90,9)

do j=l,n

write(90,10)time(j),T(j,l),T(j,nodes(1)),T(j,nodes(1)
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i0

ii

12

l+nodes(2)) ,T(j,nodes(1)+nodes(2)+nodes(3)) ,T(j,nodes(1)+nodes(2)

l+nodes (3) +nodes (4))

enddo

elseif (matnum.eq. 5) then

write (90, ii)

do j=l,n

write (90,12) time(j) ,T(j,I) ,T(j,nodes(1)) ,T(j,nodes(1)

l+nodes(2)) ,T(j,nodes(1)+nodes(2)+nodes(3)) ,T(j,nodes(1)+nodes(2)

l+nodes (3) +nodes (4)) ,T (j, nodes (I) +nodes (2) +nodes (3) +nodes (4) +

Inodes (5))

enddo

endi f

write (12,*)x(1)

stop

elseif (info.eq.l) then

L(1)=x(1) !/ set the new value of the design variable

if(matnum.eq.l)then

call evall(matnum,dt,nodes,epsi,k,den,cp,initT,L,templmt,obj

l,x,g,time,qcv,qrad,qcond,T,n)

elseif(matnum.eq.2)then

call eval2(matnum,dt,nodes,epsi,k,den,cp,initT,L,templmt,obj

l,x,g,time,qcv,qrad,qcond,T,n)

elseif(matnum.eq.3)then

call eval3(matnum,dt,nodes,epsi,k,den,cp, initT,L,templmt,obj

l,x,g,time,qcv,qrad,qcond,T,n)

elseif(matnum.eq.4)then

call eval4(matnum,dt,nodes,epsi,k,den0cp,initT,L,templmt,obj

l,x,g,time,qcv,qrad,qcond,T,n)

elseif(matnum.eq.5)then

call eval5(matnum, dt,nodes,epsi,k,den,cp, initT,L,templmt,obj

l,x,g,time,qcv,qrad,qcond,T,n)

endif

goto 30

else

write(*,*) 'program stopped prematurely'

stop

endif

format (2x, 'time(j) ',7x, 'T(j,I) ',5x, 'T(j,nodes (i)) ')

format(2x,,time',7x,'qconv',5x,'qrad',5x,'qcond')

format(fl2.2,fl2.2,fl2.2)

format(fl2.2,3x,fll.2,3x, fll.2,3x,fll.2)

format(5x,'time',5x,'T(j,l) ',5x,'T(j,nodesl)',5x

l,'T(j,totnodes)')

format(fl2.2,fl2.2,fl2.2,fl2.2)

format (2x, 'time(j) ',7x, 'T(j,I) ' ,5x, 'T(j,nodes(1)) ' ,2x

i, 'T(j,suml) ',5x, 'T(j,sum2) ')

format(f8.2,7x, fS.2,5x, fS.2,4x, fS.2,5x, fS.2)

format(2x,'time(j) ',7x,'T(j,l)',5x,'T(j,nodes(1))',2x

l,'T(j,suml)',5x,'T(j,sum2) ',5x,'T(j,totnodes) ')

format(fS.2,7x,fS.2,5x,fS.2,4x,fS.2,5x,fS.2,5x,fS.2)

format(2x,,time(j) ',7x,'T(j,l)',5x,'T(j,nodes(1))',2x

l,,T(j,suml) ',5x,'T(j,sum2)',5x,'T(j,sum3)',5x,'T(j,totnodes)')

format(fS.2,7x,fS.2,5x,fS.2,4x,fS.2,5x,fS.2,5x,fS.2,5x, fS.2)

end !/*** end of main code ***
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subroutine evall(matnum,dt,nodes,epsi,k,den,cp,initT,L,templmt,obj

l,x,g,time,qcv,qrad,qcond,T,n)

implicit none

integer nodes(6),totnodes,n,i,j,matnum

real_8 x(12),g(24),obj,denl,templmt(12),T(5000,100),epsi,k(6)

l,den(6),cp(6),initT,L(6),dt,diff(5000,24),maxdiff(12)

l,time(5000),qcv(5000),qrad(5000),qcond(5000)

obj = den (1) *x (1)

call onestack(matnum,dt,nodes,epsi,k,den,cp,initT,L,T,n

l,time,qcv,qcond,qrad)

do j=l,n

diff (j, I)=T (j, i) -templmt (I)

diff (j, 2) =T (j, nodes (I)) -templmt (2)

enddo

do i=l,2*matnum

maxdiff(i)=diff(l,i)

enddo

do j=2,n

do i=l,2*matnum

if(diff(j,i).gt.maxdiff(i))then

maxdiff(i)=diff(j,i)

endif

enddo

enddo

do i=l,2*matnum

g(i)=maxdiff(i)

enddo

do i=2*matnum÷l,24

g(i)=0.

enddo

write(ll,l)x(1) ,obj,g(1) ,g(2) ,g(3) ,g(4)

format(3x, f12.6,3x,f12.6,3x,e12.6,3x, e12.6,3x,e12.6,3x,e12.6)

return

end
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subroutine eval2(matnum,dt,nodes,epsi,k,den,cp,initT,L,templmt,obj

l,x,g,time,qcv,qrad,qcond,T,n

implicit none

integer nodes(6) ,totnodes,n,l,j,matnum

real*8 x(12) ,g(24) ,obj,denl,templmt (12) ,T(5000,100) ,epsi,k(6)

,den (6),cp(6),initT,L(6),dt,diff (5000,24),maxdiff (12)

,time(5000),qcv(5000),qrad(5000),qcond(5000)

obj = den (1) *x (1)

call twostack(matnum,dt,nodes,epsi,k,den,cp, initT,L,T,n

,time,qcv,qcond,qrad)

totnodes=nodes(1)+nodes(2)

do j=l,n

diff (j, i) =T (j, i) -templmt (i)

diff (j, 2) =T (j ,nodes (I)) -templmt (2)

diff (j,3)=T(j,nodes(1))-templmt (3)

diff (j,4)=T(j,totnodes)-templmt(4)

enddo

do i=l,2*matnum

maxdiff(i)=diff(l,i)

enddo

do j=2,n

do i=l,2*matnum

if(diff(j,i).gt.maxdiff(i))then

maxdiff(i)=diff(j,i)

endif

enddo

enddo

do i=l,2*matnum

g(i)=maxdiff(i)

enddo

do i=2*matnum÷l,24

g(i)=0.

enddo

write(ll,l)x(1) ,obj,g(1) ,g(2) ,g(3) ,g(4)

format(3x,f12.6,3x,f12.6,3x,f12.6,3x,f12.6,3x,f12.6,3x,f12.6)

return

end

71



subroutine eval3(matnum,dt,nodes,epsi,k,den,cp, initT,L,templmt,obj

l,x,g,time,qcv,qrad,qcond,T,n)

implicit none

integer nodes(6),totnodes,n,i,j,matnum

real*8 x(12),g(24),obj,denl,templmt(12),T(5000,100),epsi,k(6)

l,den(6),cp(6),initT,L(6),dt,diff(5000,24),maxdiff(12)

l,time(5000),qcv(5000),qrad(5000),qcond(5000)

obj = den (1) *x (1)

call threestack(matnum,dt,nodes,epsi,k,den,cp, initT,L,T,n

l,time,qcv,qcond,qrad)

totnodes=nodes (i) +nodes (2) +nodes (3)

do j=l,n

diff (j,l)=T(j,l)-templmt(1)

diff (j,2)=T(j,nodes(1))-templmt (2)

diff (j, 3) =T(j ,nodes (I)) -templmt (3)

diff (j ,4) =T(j ,nodes (I) +nodes (2)) -templmt (4)

diff(j,5)--T(j,nodes(1)+nodes(2))-templmt (5)

diff (j, 6) =T (j, totnodes) -templmt (6)

enddo

do j=l,n

write(13,*)

enddo

time(j) ,T(j,I) ,T(j,totnodes)

do i=l,2*matnum

maxdiff(i)=diff(l,i)

enddo

do j=2,n

do i=l,2*matnum

if(diff(j,i).gt.maxdiff(i))then

maxdiff(i)=diff(j,i)

endif

enddo

enddo

do i=l,2*matnum

g(i)-maxdiff(i)

enddo

do i=2*matnum+l,24

g(i)=0.

enddo

write(ll,l)x(1),obj,g(1),g(2),g(3),g(4),g(5),g(6)

format(3x, f12.6,3x,f12.6,3x, f12.6,3x, f12.6,3x,f12.6,3x, f12.6,

13x,f12.6,3x,f12.6)

return

end
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subroutine eval4(matnum,dt,nodes,epsi,k,den,cp, initT,L,templmt,obj

l,x,g,time,qcv,qrad,qcond,T,n)

implicit none

integer nodes(6),totnodes,n,i,j,matnum

real*8 x(12) ,g(24) ,obj,templmt (12) ,T(5000,100),epsi,k(6)

l,den(6) ,cp(6) ,initT,L(6) ,dt,diff (5000,24) ,maxdiff (12)

l,time(5000) ,qcv(5000),qrad(5000) ,qcond(5000)

c

c the objection function for the optimizer is a function of density and the

c thickness of the top layer TPS material

c

obj =den (i) *x (i)

evaluate the heat transfer and temperature profiles for the constituient

c materials of the stack

c

call fourstack(matnum,dt,nodes,epsi,k,den,cp,initT,L,T,n

l,time,qcv,qcond,qrad)

c

c calculate the difference between the calculated temperature and the

c max allowable temperature limit from TPSX

c

totnodes=nodes (i)

do j=l,n

diff (j i) =T(j

diff (j 2)=T(j

diff (j 3) =T(j

diff (j 4)=T(j

diff (j 5)=T(j

diff (j 6)=T(j

diff (j 7)=T(j

diff (j 8)=T(j

enddo

do i=l, 2*matnum

+nodes (2) +nodes (3) +nodes (4)

i) - templmt (i)

nodes (I)) -templmt (2)

nodes (I)) -templmt (3)

nodes (i) +nodes (2)) -templmt (4)

nodes (i) +nodes (2)) -templmt (5)

nodes (i) +nodes (2) +nodes (3)) -templmt (6)

nodes (i) +nodes (2) +nodes (3)) -templmt (7)

totnodes) -templmt (8)

maxdiff (i) =diff (i, i)

enddo

do j=2,n

do i=l, 2*matnum

if (diff (j , i) .gt.maxdiff (i))then

maxdiff (i)=diff (j,i)

endi f

enddo

enddo

do i=l, 2*matnum

g (i) =maxdif f (i)

enddo

do i=2*matnum+l, 24

g(i)=0.

enddo

write(ll,l)x(1),obj,g(1) ,g(2) ,g(3) ,g(4) ,g(5) ,g(6) ,g(7) ,g(8)

format (3x, f12.6,3x, f12.6,3x, f12.6,3x, f12.6,3x, f12.6,3x, f12.6,

13x, f12.6,3x,f12.6,3x, f12.6,3x,f12.6)

return

end
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subroutine eval5(matnum,dt,nodes,epsi,k,den,cp, initT,L,templmt,obj

l,x,g,time,qcv,qrad,qcond,T,n)

implicit none

integer nodes(6),totnodes,n,i,j,matnum

real*8 x(12) ,g(24),obj,templmt(12),T(5000,100) ,epsi,k(6)

l,den(6) ,cp(6),initT,L(6) ,dt,diff(5000,24) ,maxdiff(12)

l, time (5000) ,qcv(5000) ,qrad(5000) ,qcond (5000)

c

c the objection function for the optimizer is a function

c thickness of the top layer TPS material

c

obj=den(1)*x(1)

of density and the

c

c evaluate the heat transfer and temperature profiles for the constituient

c materials of the stack

c

call fivestack(matnum,dt,nodes,epsi,k,den, cp, initT,L,T,n

l,time,qcv,qcond,qrad)

c

c calculate the difference between the calculated temperature and the

c max allowable temperature limit from TPSX

c

totnodes=nodes (I) +nodes (2) +nodes (3) +nodes (4) +nodes (5)

do j=l,n

diff(j,l =T(j,l)-templmt(1)

diff(j,2 =T(j ,nodes l))-templmt (2)

diff(j,3 =T(j ,nodes l))-templmt (3)

diff (j,4 =T(j ,nodes l) +nodes (2) ) -templmt (4)

diff(j 5 =T(j ,nodes l) +nodes (2) ) -templmt (5)

diff (j 6 =T(j ,nodes l) +nodes (2) +nodes (3) ) -templmt (6)

diff (j 7)=T(j ,nodes l) +nodes (2) +nodes (3) ) -templmt (7)

diff (j 8)=T(j ,nodes l)+nodes(2)+nodes(3)+nodes(4))-templmt (8)

diff (j 9)=T(j ,nodes l)+nodes(2)+nodes(3)+nodes(4))-templmt (9)

diff (j 10)=T(j,totnodes)-templmt(10)

enddo

do i=l,2*matnum

maxdiff(i)=diff(l,i)

enddo

do j=2,n

do i=l,2*matnum

if(diff(j,i).gt.maxdiff(i))then

maxdiff(i)=diff(j,i)

endif

enddo

enddo

do i=l,2*matnum

g(i)-maxdiff(i)

enddo

do i=2*matnum+l,24

g(i)=0.

enddo

write(ll,l)x(1) ,obj,g(1),g(2) ,g(3) ,g(4) ,g(5) ,g(6) ,g(7) ,g(8) ,g(9) ,g(10)

1 format(3x, f12.6,3x,f12.6,3x,f12.6,3x, f12.6,3x,f12.6,3x,f12.6,

13x,f12.6,3x,f12.6,3x, f12.6,3x,f12.6,3x, f12.6,3x,f12.6)

return

end
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subroutine onestack(matnum,dt,nodes,epsi,k,den,cp,initT,L,T,n

l,time,qcv,qcond,qrad)

c program heattx

c

c this program will use the Newton Raphson Method to solve for the

c heat transfer to a point on a tile over time

c

implicit none

integer i,n,nodes(6),j,matnum

real*8 initT,a(1000),b(1000),c(1000),delT(1000),T(5000,100)

l,k(6),cp(6),sigma,epsi,dx(6),dt,L(6),x(1000),alpha(6),lam(6)

l,eps,den(6),f(1000),time(5000),qcond(5000),qrad(5000),qcv(5000)

l,Tradeq(5000),normdelT,normf,twonorm,dTdx(5000)

external twonorm

call linint(n,dt,time,qcv,Tradeq)

c

c definition of the constants

c

c

c

sigma=5. 67051e- 8

epsi= 0.83

dx (i) =L (i) / (nodes (I) -I. )

x(1) =0.

do i=2,nodes(1)

x(i)=x(i-1)+dx(1)

enddo

alpha (I) =k (i) / (den (i) *cp (i) *I000. )

lam(1)=alpha(1)*dt/(dx(1)**2)

print*, 'alpha(l)=', alpha (1)

print*, ' lambda (I) = ' , lain (I)

c apply the initial conditions

c

do i=l,nodes (I)

T(I, i) =initT

enddo

c

c make the initial guess for the temperature at the next time step

c

do i=l, nodes (i)

T(2,i)=1000.

enddo

c

c set up the Jacobian matrix for the system of equations

c

do i=2,nodes (I) -I

a (i) =lam(1)

b(i)=-l.* (l.+2.*lam(1))

c (i)=lam(1)

enddo

a (nodes (I)) =0.

c(1)=0.
a (i) =2. *lam (i)

b(1)=-2.*lam(1)-8.*(lam(1)*dx(1)*epsi*sigma*T(2,1)**3)/k(1)-l.

b(nodes(1))=-l.* (l.+2.*lam(1))

c (i) =2. *lain (I)

c

c Solution of the first time step
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time (i) =0.

eps=l .e-3

normf=l.

normde IT= i.

dowhile ((normf.gt.eps) .or. (normdelT.gt.eps))

f (i) =-2. *lain(1) * (T(2,2) -T(2, i) ) +2. *lain(1) *dx(1) * ( (epsi*sigma*

IT (I, I) **4-qcv (i))/k (I)) +T (2, i) -T (I, i)

f (nodes (I))=-2. *lam (I) *T (2, nodes (i) -i) + (i .+2. *lam (I))

I*T (2, nodes (i)) -T (i, nodes (I))

do i=2,nodes (i) -i

f(i)=-l.*lam(1)*T(2,i-1)+(l.+2.*lam(1) )*T(2,i)-lam(1)*T(2,i+l)

l-T(l,i)

enddo

call tridag(a,b,c,f,delT,nodes)

do i=l,nodes(1)

T(2,i)=T(2,i)+delT(i)

enddo

b(1)=-2.*lam(1)-8.*(lam(1)*dx(1)*epsi*sigma*T(2,1)**3)/k(1)-l.

Use the Eucledian Norm to test convergence of each time step

normf=twonorm(f,nodes)

normdelT=twonorm(delT,nodes)

enddo

time(2)=time(1)+dt

c

c Include

c

do

+((epsi

+*T(j+I

+lam(1)

the remaining time levels

j=2,n

do i=l,nodes (i)

T (j+l, i) =T (j, i)

enddo

b (i) =-2.*lain(1) -4.* (lain(1) *dx(1) *epsi*sigma*T (j+l, i) **3)/k (I) -I.

normf=l.

normdelT=l.

dowhile ( (normf.gt. eps) .or. (normdelT.gt.eps))

f (1)=-2.*lain(1)* (T(j+l,2)-T(j+l,l))+2.*lam(1)*dx(1)*

*sigma*T (j +i, i) **4-qcv(j ) )/k (I)) +T (j +i, i) -T (j, I)

f (nodes (i)) =-2. *lain (I) *T (j+l, nodes (I) -i) + (I. +2. *lam (i))

,nodes (i)) -T (j ,nodes (i))

do i=2,nodes (i) -I

f (i)=-l.*lam(1)*T(j+l,i-1)+(l.+2.*lam(1))*T(j+l,i)-

*T(j+l,i+l)-T(j,i)

enddo

call tridag(a,b,c,f,delT,nodes)

do i=l,nodes(1)

T(j+l,i)=T(j÷l,i)+delT(i)

enddo

b(1)=-2.*lam(1)-8.*(lam(1)*dx(1)*epsi*sigma*

IT (j+l, i) **3)/k (I) -i.

c

c Use the Eucledian Norm to test convergence of each time step

c

normf=twonorm(f,nodes)
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normdelT=twonorm(delT,nodes)

enddo

time (j+l) =time (j) ÷dt

enddo

do j=l,n

qrad (j) =epsi*sigma*T (j, i) *'4

qcond(j)=qcv(j)-qrad(j)

enddo

return

end
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c program that numerically predicts the heat transfer into a stack of TPS

c materials, this first case will investigate RCC on top of Aluminum.

c

c Kris Cowart 8 Oct 99

c

subroutine twostack(matnum,dt,nodes,epsi,k,den,cp,initT,L,T,n

l,time,qcv,qcond,qrad)

implicit none

integer i,j,n,nodes(6),totnodes,matnum

real*8 dt,k(6),den(6),cp(6),initT,L(6),dx(6),sigma,epsi

real*8 eps,alpha(6),lam(6),a(100),b(100),c(100),T(5000,100)

real*8 normf,normdelT,qconv, f(100),delT(100),twonorm,qcv(5000)

real*8 Tradeq(5000),time(5000),qcond(5000),qrad(5000)

external twonorm

call linint(n,dt,time,qcv,Tradeq)

c

c define the constants

c

eps=l, e-6

sigma=5. 67061e- 8

do i=l, matnum

dx(i) =L (i) / (nodes (i) -I. )

alpha (i) =k (i) / (den (i) *cp (i) *i000. )

lam (i) =alpha (i) *dt/(dx (i) **2)

enddo

totnodes=nodes (I) +nodes (2)

c

c apply the initial conditions

c

do i=l, totnodes

T(l,i)=initT

enddo

c

c make the initial guess for the temperature at the next time step

c

do i=l, totnodes

T(2,i)=1000.

enddo

c

c set up the Jacobian Matrix for the system of equations

c

a (I) =-2. *lam (I)

b (i) =i. +2 .*lam (i) + (8. *lain (I) *dx (I) *epsi*sigma*T (2, i) **3)/k (I)

c(i)=0.

do i=2,nodes (i) -i

a (i) =-I. *lam (I)

b (i) =i. +2. *lam (i)

c (i) =-i. *lam(1)

enddo

a (nodes (I)) =-2. *lain(2)

b (nodes (i)) =I. +2 .*lain (2) +2 . *lain (2) *k (I)/k (2)

c (nodes (i)) ---2. *lam (2) *k (i)/k (2)

do i=nodes (i) +I, totnodes-I

a (i) =-I . *lain (2)

b (i) =i. +2 . *lam (2)

c(i)=-l.*lam(2)

enddo

a (totnodes) =0.
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b (totnodes) =I. +2. *lain (2)

c (totnodes) =-2. *lain (2)

solution at the first time step

normf=l.

normdelT=l.

time (i) =0.

dowhile ((normf.gt.eps) .or. (normdelT.gt.eps))

f(1)=2.*lam(1)*T(2,2)-T(2,1)-2.*lam(1)*T(2,1)'(2-*lam(1)*dx(1)

l*epsi*sigma*T (2, l) **4)/k (I) +2. *lam (I) *dx (I) *qcv (I)/k (i) +T (I, i)

do i=2,nodes(1)

f (i) =lain (i) *T (2, i-l) - (i .+2. *lain(1) ) *T (2, i) +lam (I)

I*T (2, i+l) +T (i, i)

enddo

f (nodes(1))=2.*lam(2)*T(2,nodes(1)+l)- (l.+2.*lam(2)

1+2. *lain (2) *k (i)/k (2)) *T (2, nodes (I)) +2. *lain (2) *k (i)/k (2)

l*T(2,nodes(1) -l ) +T (l ,nodes (1) )

do i=nodes(1)+l,totnodes-i

f (i)=lam(2)*T(2,i-1)- (l.+2.*lam(2))*T(2,i)

l+lam (2) *T (2, i+l) +T (i, i)

enddo

f (totnodes)=-l.* (l.+2.*lam(2))*T(2,totnodes)+2.*lam(2)

I*T (2, totnodes- i) +T (i, totnodes)

send inforamtion to the tridag solver

call tridag(a,b,c,f,delT,totnodes)

update temperature values

do i=l,totnodes

T(2,i)=T(2,i)+delT(i)

enddo

b(1)=l.+2.*lam(1)+(8.*lam(1)*dx(1)*epsi*sigma*T(2,1)**3)

I/k(1)

normf=twonorm(f,totnodes)

normdelT=twonorm(delT,totnodes)

enddo

time(2)=time(1)+dt

solution of system by marching in time

do j=2,n

do i=l, totnodes

T (j+l, i) =T (j, i)

enddo

b (I) =I. +2. *lam (I) + (8. *lain (i) *dx (i) *epsi*sigma

l*T(j+l,l)**3)/k(1)

normf=l.

normdelT=l.

dowhile ( (normf .gt .eps) .or. (normdelT.gt .eps) )

f (1)=2.*lam(1)*T(j+l,2)-T(j+l,l)-2.*lam(1)*T(j+l,l)

I- (2.*lam(1)*dx(1)*epsi*sigma*T(j+l,l)**4)/k(1)+2-*lam(1)*dx(1)

l*qcv(j)/k (I) +T (j, i)

do i=2, nodes (I)

f (i)=lam(1)*T(j+l,i-1)- (l.+2.*lam(1))*T(j+l,i)

l+lam (i) *T (j+l, i+l) +T (j , i)

enddo

f (nodes(1))=2.*lam(2)*T(j+l,nodes(1)+l)- (I.
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1+2. *lain (2) +2. *lam (2) *k(1)/k (2)) *T (j+l, nodes (I))

1+2 .*lain (2) *k(1)/k(2) *T (j +i, nodes (I) -I) +T(j ,nodes (i))

do i--nodes (i) +i, totnodes-i

f(i)=lam(2)*T(j+l,i-l)- (l.+2.*lam(2))*T(j+l,i)

l+lam (2) *T (j+l, i+l) +T(j , i)

enddo

f (totnodes) =-i .* (I. +2 .*lam(2) ) *T (j+l, totnodes) +2 .*lain(2)

+*T (j+l, totnodes-l) +T (j, totnodes)

send information to the tridag solver

call tridag(a,b,c,f,delT,totnodes)

update temperature values

i/k(1)

do i=l,totnodes

T(j+l,i)=T(j+l,i)+delT(i)

enddo

b(1)=l.+2.*lam(1)+(8.*lam(1)*dx(1)*epsi*sigma*T(j+l,l)**3)

normf=twonorm(f,totnodes)

normdelT=twonorm(delT,totnodes)

enddo

time (j +i) =time (j) +dt

enddo

do i=l,n

qrad(i)=sigma*epsi*T(i,l)**4

qcond(i)=qcv(i)-qrad(i)

enddo

return

end
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c program that

c materials.

c

c Kris Cowart 8 Oct 99

c

numerically predicts the heat transfer into a stack of TPS

subroutine threestack(matnum,dt,nodes,epsi,k,den,cp, initT,L,T,n

,time,qcv,qcond,qrad)

implicit none

integer i,j,n,nodes(6),suml,sum2,sum3,totnodes,matnum, count

real*8 dt,k(6),den(6),cp(6),initT,L(6),dx(6),sigma,epsi,eps

,alpha(6),lam(6),a(100),b(100),c(100),T(5000,100),normf

,normdelT, f(100),delT(100),twonorm,Tradeq(5000),time(5000)

,qcond(5000),qrad(5000),qcv(5000),vecinfnorm

external twonorm,vecinfnorm

call linint(n,dt,time,qcv,Tradeq)

c

c define the constants

eps=l.e-4

sigma=5.67061e-8

do i=l,matnum

dx (i)=L (i) / (nodes (i) -i. )

alpha (i) =k (i) / (den (i) *cp (i) *i000. )

lam (i) =alpha (i) *dt/(dx (i) **2)

enddo

suml=nodes(1)+nodes(2)

sum2=suml+nodes(3)

totnodes=nodes(1)+nodes(2)+nodes(3)

c

c apply

c

the initial conditions

do i=l,totnodes

T(l,i)=initT

enddo

c

c make the initial guess for the temperature at the next time step

c

c

c set

c

do i=l,totnodes

T(2,i)=1000.

enddo

up the Jacobian Matrix for the system of equations

a (I) =-2 .*lam(1)

b(1)=l.+2.*lam(1)+8.*lam(1)*dx(1)*epsi*sigma* (T(2,1)**3)/k(1)

c(i)=0.

do i=2,nodes(1)-i

a (i) =-i. *lam (I)

b (i) =i. +2 .*lain(1)

c (i) =-l.*lam(1)

enddo

a (nodes (i)) =-2. *lain (2)

b (nodes (i)) =i. +2 .*lain (2) +2.*lam (2) *k (I)/k (2)

c (nodes (i)) =-2. *lam (2) *k (i)/k (2)

do i=nodes (I) +I, suml-i

a (i) =-l.*lam(2)

b (i) =i. +2 .*lain(2)
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C (i) ---i. *lain (2)

enddo

a (suml) =-2 °*lain (3)

b (suml) -I. +2 °*lain (3) +2. *lain (3) *k(2)/k (3)

c (suml) ---2. *lain (3) *k (2)/k (3)

do i--suml+l, sum2-1

a(i) =-l.*lam(3)

b (i) =i. +2 .*lain(3)

c (i) =-i. *lain (3)

enddo

a (totnodes) =0.

b (totnodes) =i. +2. *lam (3)

c (totnodes) =-2. *lam (3)

solution at the first time step

normf=l.

normdelT= 1.

time (I) =0.

count=0

dowhile( ((normf.gt.eps) .or. (normdelT.gt.eps)) .and. (count. le. I000) )

count=count +I

f(1)=2.*lam(1)*T(2,2)-T(2,1)-2.*lam(1)*T(2,1)-(2.*lam(1)*dx(1)

l*epsi*sigma*T (2, i) **4)/k (i) +2. *lam (i) *dx (i) *qcv (1)/k(1) +T (i, i)

do i=2,nodes (i) -i

f(i)=lam(1)*T(2,i-1)- (l.+2.*lam(1))*T(2,i)+lam(1)*T(2,i÷l)

l+T(l,i)

enddo

f(nodes(1))=2.*lam(2)*T(2,nodes(1)+l)- (l.+2.*lam(2)+2.*lam(2)

l*k(1)/k(2))*T(2,nodes(1) )+2.*lam(2)*k(1)/k(2)*T(2,nodes(1)-l)

I+T (I, nodes (i))

do i=nodes(1)+l,suml-i

f (i)=lam(2)*T(2,i-1)- (l.+2.*lam(2))*T(2,i)+lam(2)*T(2,i+l)

l÷T(l,i)

enddo

f(suml)=2.*lam(3)*T(2,suml+l)-(l.+2.*lam(3)+2.*lam(3)*k(2)/k(3))

I*T (2, suml) +2 .*lam(3) *k (2)/k (3) *T (2, suml-l) +T (i, suml)

do i--suml+l,sum2-1

f(i)=lam(3)*T(2,i-1)- (l.+2.*lam(3))*T(2,i)÷lam(3)*T(2,i+l)

l+T(l,i)

enddo

f (totnodes) =-i. * (i. +2. *lam (3)) *T (2, totnodes) +2. *lam (3)

I*T (2, totnodes-l) +T (i, totnodes)

c

c send

c

c

c update

c

to tridiagonal solver

call tridag(a,b,c,f,delT,totnodes)

the temperature value for this time step

do i=l,totnodes

T(2,i)=T(2,i)+delT(i)

enddo

b(1)=l.+2.*lam(1)+8.*lam(1)*dx(1)*epsi*sigma*(T(2,1)**3)/k(1)

normf=twonorm(f,totnodes)

normdelT=twonorm(delT,totnodes)

normf=vecinfnorm(f,totnodes)

normdelT=vecinfnorm(delT,totnodes)

write(*,*) normf,normdelT,count

enddo
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c pause

time (2) =time (I) +dt

c

c solution of system by marching in time

c

do j=2,n

do i=l,totnodes

T(j+I,i)--T(j ,i)

enddo

b (i)=I. +2. "lam (i) +8. *lam (I) *dx (I) *epsi*sigma* (T (j +I, i) **3)/k (i)

normf=l.

normdelT=l.

count = 0

dowhile(((normf.gt.eps) .or. (normdelT.gt.eps)) .and. (count.le.1000))

count=cot_nt +i

f (I)=2. *lain (i) *T (j+l, 2) -T (j +I, i) -2. *lam (i) *T (j+l, I)

i- (2.*lam(1)*dx(1)*epsi*sigma*T(j41,1)**4)/k(1)+2.*lam(1)*dx(1)

l*qcv (j)/k (I) +T (j, i)

do i--2,nodes (I) -I

f (i)=lam(1)*T(j41,i-1)- (l.+2.*lam(1))*T(j+l,i)+lam(1)

l*T (j +I, i+l) +T(j, i)

enddo

f (nodes(1))--2.*lam(2)*T(j+l,nodes(1)+l)- (l.+2.*lam(2)

l+2.*lam(2)*k(1)/k(2) )*T(j+l,nodes(1))+2.*lam(2)*k(1)/k(2)

I*T (j +I, nodes (i) -I) +T (j ,nodes (i))

do i=nodes (i) 41, suml-I

f (i)=lam(2)*T(j+l,i-1)- (l.+2.*lam(2))*T(j+l,i)+lam(2)

I*T (j +I, i+l) +T (j , i)

enddo

f (suml)=2.*lam(3)*T(j+l,suml+l)- (l.+2.*lam(3)+2.*lam(3)

l*k(2)/k(3) )*T(j+l,suml)+2.*lam(3)*k(2)/k(3)*T(j+l,suml-l)

I+T(j ,suml)

do i=suml+l, sum2-1

f(i)=lam(3)*T(j+l,i-l)- (l.+2.*lam(3))*T(j+l,i)

l+lam (3) *T (j+l, i+l) +T(j , i)

enddo

f (totnodes) =-i.* (i. +2. *lain(3) ) *T (j+l, totnodes) 42. *lain(3)

I*T (j +i, totnodes- i) +T (j , totnodes)

c

c send to tridiagonal solver

c

call tridag(a,b,c,f,delT,totnodes)

c

c uptdate the temperature values

c

do i=l,totnodes

T (j +i, i) =T (j +i, i) +delT (i)

enddo

b (i)=I. +2. *lain (I) + (8. *lain (I) *dx (I) *epsi*sigma*T (j+l, I) **3)/k (i)

normf =twonorm (f, totnodes )

normdelT=twonorm (delT, totnodes)

c normf=vecinfnorm (f, totnodes )

c normdelT=vecinfnorm (delT, totnodes )

c write(*,*) normf,normdelT,count,j

enddo

c pause

time (j+l) =time (j) +dr

enddo

do j=l,n

qrad (j) =epsi*sigma*T(j , i) *'4
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qcond(j)=qcv(j)-qrad(j)

enddo

return

end
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c program that numerically predicts the heat transfer into a stack of

c materials.

c

c Kris Cowart 8 Oct 99

c

subroutine fourstack(matnum, dt,nodes,epsi,k,den, cp,initT,L,T,n

l,time,qcv,qcond,qrad)

implicit none

integer i,j,n,nodes(6),suml,sum2,sum3,totnodes,matnum

real*8 dt,k(6),den(6),cp(6),initT,L(6),dx(6),sigma,epsi,eps

l,alpha(6),lam(6),a(100),b(100),c(100),T(5000,100),normf

l,normdelT, f(100),delT(100),twonorm,Tradeq(5000),time(5000)

l,qcond(5000),qrad(5000),qcv(5000)

external twonorm

c

c set

c

call linint(n,dt,time,qcv Tradeq)

define the constants

eps=l, e- 6

sigma=5. 67061e-8

do i=l,matnum

dx (i)=L (i) / (nodes (i) -i.

alpha(i)=k(i)/(den(i)*cp(i)*1000.)

lain (i) =alpha (i) *dt/(dx (i) **2)

enddo

suml=nodes (I) +nodes (2)

sum2 =suml +nodes (3 )

sum3=sum2 +nodes (4)

totnodes=nodes (i) +nodes (2) +nodes (3) +nodes (4)

apply the initial conditions

do i=l,totnodes

T(l,i)=initT

enddo

make the initial guess for the temperature at the next time step

do i=l,totnodes

T(2,i)=1000.

enddo

up the Jacobian Matrix for the system of equations

a (i) =-2. *lam (i)

b(1)=l.+2.*lam(1)+8.*lam(1)*dx(1)*epsi*sigma* (T(2,1)**3)/k(1)

c(1)=0.

do i=2 ,nodes (1) -i

a (i) =-i. *lain (i)

b (i) =i. +2 .*lain(1)

c (i) =-i. *lam (i)

enddo

a (nodes (i)) =-2. *lain(2)

b (nodes (i)) =I. +2 °*lam (2) +2 .*lam (2) *k (i)/k (2)

c (nodes (I)) =-2. *lain(2) *k(1)/k (2)

do i=nodes(1)+l,suml-i

TPS
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a (i) =-I. *lam (2)

b (i) =I. +2. *lam (2)

c (i) =-i. *lain (2)

enddo

a (suml) =-2. *lain (3)

b (suml) =I. +2. *lam (3) +2. *lain (3) *k (2)/k (3)

c (suml) =-2.*lain(3) *k (2)/k (3)

do i=suml+l, sum2-1

a (i) =-I. *lain (3)

b (i) =i. +2. *lam (3)

c (i) _-l. *lain (3)

enddo

a (sum2) =-2. *lam (4)

b (sum2) =i. +2. *lam (4) +2. *lam (4) *k (3)/k (4)

c (sum2) =-2. *lam (4) *k (3)/k (4)

do i=sum2+l, sum3-1

a (i)=-l.*lam(4)

b (i) =i. +2 .*lain (4)

c(i)=-i .*lain(4)

enddo

a (sum3) =0.

b (sum3) =i. +2. *lam (4)

c (sum3) =-2. *lam (4)

solution at the first time step

normf=l.

normdelT=l.

time (i) =0.

dowhile ( (normf .gt .eps) .or. (normdelT.gt .eps) )

f(1)=2.*lam(1)*T(2,2)-T(2,1)-2.*lam(1)*T(2,1)-(2-*lam(1)*dx(1)

l*epsi*sigma*T (2, i) **4)/k(1) +2. *lam (i) *dx (I) *qcv (i)/k (i)+T (i, I)

do i=2,nodes (i) -I

f (i)=lam(1)*T(2,i-1)- (l.+2.*lam(1))*T(2,i)+lam(1)*T(2,i+l)

l+T(l,i)

enddo

f (nodes (i)) =2. *lain(2) *T(2,nodes (I) +i) - (I. +2. *lain(2) +2 .*lain(2)

l*k (i)/k (2)) *T (2 ,nodes (i)) +2. *lain (2) *k (i)/k (2) *T (2, nodes (I) -I)

I+T (i ,nodes (i))

do i=nodes (I) +i, suml-I

f(i)=lam(2)*T(2,i-1)- (l.+2.*lam(2))*T(2,i)+lam(2)*T(2,i+l)

l+T(l,i)

enddo

f (suml)=2.*lam(3)*T(2,suml+l)- (l.+2.*lam(3)+2.*lam(3)*k(2)/k(3))*

IT (2, suml) +2. *lam (3) *k(2)/k(3) *T (2, suml-l) +T(I, suml)

do i=suml+l, sum2-1

f (i)=lam(3)*T(2,i-1)- (l.+2.*lam(3))*T(2,i)+lam(3)*T(2,i+l)

I+T(I, i)

enddo

f(sum2)=2.*lam(4)*T(2,sum2+l)- (l.+2.*lam(4)+2.*lam(4)*k(3)/k(4))*

IT (2, sum2) +2. *lam (4) *k (3)/k (4) *T (2, sum2-1) +T (i, sum2)

do i=sum2+l, sum3-1

f (i)=lam(4)*T(2,i-1)- (l.+2.*lam(4))*T(2,i)+lam(4)*T(2,i+l)+T(l,i)

enddo

f(sum3)=-l.* (l.+2.*lam(4))*T(2,sum3)+2.*lam(4)*T(2,sum3-1)

++T (I, sum3)

c

c send

c

to trisdiagonal solver
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call tridag(a,b,c,f,delT,totnodes)

update the temperature values for this time step

do i=l,totnodes

T(2,i)=T(2,i)+delT(i)

enddo

b(1)=l.+2.*lam(1)+8.*lam(1)*dx(1)*epsi*sigma*(T(2,1)**3)/k(1)

normf=twonorm(f,totnodes)

normdelT=twonorm(delT,totnodes)

enddo

time(j)=time(j)+dt

c

c solution of system by marching in time

c

do j=2,n

do i=l, totnodes

T (j+l, i) =T (j, i)

enddo

b (I) =i. +2. *lain (i) +8. *lam (i) *dx (i) *epsi*sigma* (T (j +i, I) **3 ) /k (i)

normf=l.

normdelT=l.

dowhile ((normf.gt.eps) .or. (normdelT.gt.eps))

f (i)=2. *lam (i)*T (j +I, 2)-T (j+l, I)-2 .*lain (i)*T (j+l, i)- (2.*lam(1)

l*dx (i) *epsi*sigma*T (j +i, i) **4)/k(1) +2. *lain (i) *dx (I) *qcv (j)/k(1)

I+T(j,I)

do i=2, nodes (I) - 1

f(i)=lam(1)*T(j+l,i-1)- (l.+2.*lam(1))*T(j+l,i)+lam(1)

I*T (j +I, i+l) +T (j, i)

enddo

f(nodes(1) )=2.*lam(2)*T(j+l,nodes(1)+l)- (l.+2.*lam(2)+2.*lam(2)

l*k(1)/k(2))*T(j+l,nodes(1) )+2.*lam(2)*k(1)/k(2)*T(j+l,nodes(1)-l)

l+T(j,nodes(1))

do i=nodes(1)+l,suml-i

f(i)=lam(2)*T(j+l,i-1)- (l.+2.*lam(2))*T(j+l,i)+lam(2)

I*T (j +i, i+l) +T (j, i)

enddo

f(suml)=2.*lam(3)*T(j+l,suml+l)- (l.+2.*lam(3)+2.'lam(3)

l*k(2)/k(3) )*T(j+l,suml)+2.*lam(3)*k(2)/k(3)*T(j+l,suml-l)+

IT (j ,suml)

do i=suml+l, sum2-1

f (i)=lam(3)*T(j+l,i-1)- (l.+2.*lam(3))*T(j+l,i)+lam(3)

I*T (j+l, i+l) +T (j, i)

enddo

f (sum2)=2.*lam(4)*T(j+l,sum2+l)- (l.+2.*lam(4)+2.*lam(4)

l*k(3)/k(4))*T(j+l,sum2)+2.*lam(4)*k(3)/k(4)*T(j+l,sum2-1)+

IT (j ,sum2)

do i=sum2+l, sum3-1

f (i)=lam(4)*T(j+l,i-1)- (l.+2.*lam(4))*T(j+l,i)+lam(4)

I*T (j+l, i+l) +T (j, i)

enddo

f (sum3)=-l.*(l.+2.*lam(4))*T(j+l,sum3)+2.*lam(4)*T(j+l,sum3-1)

I+T(j ,sum3)

c

c send to tridiagonal solver

c

call tridag(a,b,c,f,delT,totnodes)

c

c update the temperature values
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c

do i=l,totnodes

T(j+l,i)=T(j+l,i)+delT(i)

enddo

b(1)=l.+2.*lam(1)+(8.*lam(1)*dx(1)*epsi*sigma*T(j+l,l)**3)/k(1)

normf=twonorm(f,totnodes)

normdelT=twonorm(delT,totnodes)

enddo

time(j)=time(j)+dt

enddo

do j=l,n

qrad(j)=epsi*sigma*T(j,l)**4

qcond(j)=qcv(j)-qrad(j)

enddo

return

end
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c program that numerically predicts the heat transfer into a stack of TPS

c materials.

c

c Kris Cowart 9 Jan 00

c

subroutine fivestack(matnum,dt,nodes,epsi,k,den, cp,initT,L,T,n

l,time,qcv,qcond,qrad)

implicit none

integer i,j,n,nodes(6),suml,sum2,sum3,totnodes,matnum, count

real*8 dt,k(6),den(6),cp(6),initT,L(6),dx(6),sigma,epsi,eps

,alpha(6),lam(6),a(100),b(100),c(100),T(5000,100),normf

,normdelT,f(100),delT(100),twonorm,Tradeq(5000),time(5000)

,qcond(5000),qrad(5000),qcv(5000),g(24),obj,x(12)

external twonorm

call linint(n,dt,time,qcv, Tradeq)

c

c define the constants

eps=l.e-6

sigma=5.67061e-8

epsi=0.83

do i=l,matnum

dx(i)=L(i)/(nodes(i)-l.)

alpha(i)=k(i)/(den(i)*cp(i)*1000.)

lam(i)=alpha(i)*dt/(dx(i)**2)

enddo

suml=nodes(1)+nodes(2)

sum2=suml+nodes(3)

sum3=sum2+nodes(4)

totnodes=nodes(1)+nodes(2)+nodes(3)+nodes(4)+nodes(5)

c

c apply the initial conditions

c

do i=l,totnodes

T(l,i)=initT

enddo

c

c make the initial guess for the

c

temperature at the next time step

do i=l,totnodes

T(2,i)=1000.

enddo

c

c set up the Jacobian Matrix for the system of equations

c

a (i) =-2 .*lam (I)

b (i) =I . +2 .*lam (I) +8 .*lain (I) *dx (I) *epsi*sigma* (T (2, i) *'3)/k (i)

c(I)=0.

do i=2,nodes (i) -i

a (i) =-I. *lam (i)

b (i) =I. +2. *lain (I)

c (i) =-I. *lain(1)

enddo

a (nodes (I)) =-2. *lain (2)

b (nodes (i)) =I .+2 .*lain (2) +2 .*lam (2) *k (I)/k (2)

c (nodes (i)) =-2. *lain (2) *k (i)/k (2)

do i=nodes (i) +i, suml-I
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a (i) =-i. *lam(2)

b(i)-I +2.*lain(2)

c(i)=-i *lain (2)

enddo

a (suml) =-2 *lain (3)

b (suml) =I +2. *lain (3) +2. *lam(3) *k (2)/k (3)

c (suml) =-2 *lain(3) *k(2)/k(3)

do i=suml+l, sum2-1

a(i)=-I *lam (3)

b(i)=l +2.*lam(3)

c(i)--I *lam (3)

enddo

a (sum2) =-2 *lam (4)

b(sum2)=l +2.*lam(4)+2.*lam(4)*k(3)/k(4)

c (sum2) =-2 *lam(4)*k (3)/k (4)

do i=sum2+l, sum3-1

a(i)=-i *lam (4)

b(i)=l +2.*lain(4)

c(i)=-I *lam (4)

enddo

a (sum3) =-2 *lam (5)

b(sum3)=l +2.*lam(5)+2°*lam(5)*k(4)/k(5)

c (sum3) =-2 *lam(5) *k(4)/k (5)

do i=sum3+l, totnodes-I

a(i)=-i *lam (5)

b (i) =i. +2. *lam (5)

c(i)=-i *lam(5)

enddo

a (totnodes) =0.

b (totnodes) =I. +2 .*lain (5)

c (totnodes) =-2. *lam (5)

c

c solution at the first time step

c

normf--I.

normdelT=l.

time (i) =0.

count=0

dowhile ( ( (normf .gt .eps) .or. (normdelT.gt. eps) ) .and. (count. le. I000) )

count = count + 1

f (1)=2.*lam(1)*T(2,2)-T(2,1)-2.*lam(1)*T(2,1)-

1 (2 .*lain(1) *dx (i) *epsi*sigma*T (2, i) **4)/k (i) +2.

l,lam (i) *dx (I) *qcv (i)/k (i) +T (I, I)

do i=2,nodes (i) -i

f (i)=lam(1)*T(2,i-1)- (l.+2.*lam(1))*T(2,i)

l+lam (i) *T (2, i+l) +T (i, i)

enddo

f(nodes(1))=2.*lam(2)*T(2,nodes(1)+l)-(l.+2.*lam(2)

1+2. *lam (2) *k (i)/k (2)) *T (2, nodes (i)) +2. "lain(2) *k (i)/k (2)

I*T (2, nodes (I) -i) +T (1, nodes (i))

do i-nodes (I) +i, suml-I

f(i)=lam(2)*T(2,i-1)- (l.+2.*lam(2))*T(2,i)+lam(2)*T(2,i+l)+T(l,i)

enddo

f (suml)-2.*lam(3)*T(2,suml+l)- (l.+2.'lam(3)+2.*lam(3)*k(2)/k(3))*

IT (2, suml) +2. *lam (3) *k (2)/k (3) *T (2, suml- I) +T (i, suml)

do i=suml+l, sum2-1

f (i)=lam(3)*T(2,i-1)- (l.+2°*lam(3))*T(2,i)+lam(3)*T(2,i+l)+T(l,i)

enddo

f (sum2)=2.*lam(4)*T(2,sum2+l)- (l.+2.*lam(4)+2.*lam(4)*k(3)/k(4))*

IT(2,sum2)+2°*lam(4)*k(3)/k(4)'T(2,sum2-1)+T(l,sum2)
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do i--sum2+l, sum3-1

f(i)=lam(4)*T(2,i-1)- (1.+2.*lam(4))*T(2,i)+lam(4)*T(2,i+l)+T(l,i)

enddo

f (sum3)--2.*lam(5)*T(2,sum3+l)- (l.+2.*lam(5)+2.*lam(5)*k(4)/k(5))*

+T(2,sum3)+2.*lam(5)*k(4)/k(5)*T(2,sum3-1)+T(l,sum3)

do i=sum3+l, totnodes-I

f(i)=lam(5)*T(2,i-1)- (l.+2.*lam(5))*T(2,i)+lam(5)*T(2,i+l)+T(l,i)

enddo

f (totnodes) =-i.* (i. +2. *lam(5) ) *T (2, totnodes) +2.*lam(5) *T (2,totnodes-l)

++T (i, totnodes)

send to trisdiagonal solver

call tridag(a,b,c,f,delT,totnodes)

c

c update the temperature values for this time step

c

do i=l,totnodes

T(2,i)=T(2,i)+delT(i)

enddo

b(1)=l.+2.*lam(1)+8.*lam(1)*dx(1)*epsi*sigma*(T(2,1)**3)/k(1)

normf=twonorm(f,totnodes)

normdelT=twonorm(delT,totnodes)

write(*,*) normf,normdelT

enddo

time(j)=time(j)+dt

solution of system by marching in time

do j=2,n

do i=l, totnodes

T (j+l, i) =T (j, i)

enddo

b(1)=l.+2.*lam(1)+8.*lam(1)*dx(1)*epsi*sigma* (T(j+I,I)**3) /k(1)

normf = 1.

normde IT= 1.

count=0

dowhile ( ( (normf.gt .eps) .or. (normdelT.gt.eps)) .and. (count. le. i000) )

count=count+ 1

f(1)=2.*lam(1)*T(j+l,2)-T(j+l,l)-2.*lam(1)*T(j+l,l)-

1 (2. *lain (I) *dx (i) *epsi*sigma*T (j +i, I) **4)/k (i)

1+2. *lam (i) *dx (I) *qcv(j)/k (i) +T (j, I)

do i=2,nodes (i) -I

f (i)=lam(1)*T(j+l,i-1)- (l.+2.*lam(1))*T(j+l,i)

l+lam (i) *T (j+l, i+l) +T (j , i)

enddo

f(nodes(1))=2.*lam(2)*T(j+l,nodes(1)+l)-(l.+2.*lam(2)

1+2. *lain (2) *k (i)/k (2)) *T (j+l, nodes (I)) +2 .*lain (2) *k (i)/k (2)

l*T(j+l,nodes(1)-l)+T(j,nodes(1))

do i=nodes(1)+l,suml-i

f (i)=lam(2)*T(j+l,i-1)- (l.+2.*lam(2))*T(j+l,i)+lam(2)

I*T (j+l, i+l) +T (j, i)

enddo

f(suml)=2.*lam(3)*T(j+l,suml+l)- (l.+2.*lam(3)+2.*lam(3)

l*k (2)/k (3)) *T (j +I, suml) +2. *lain (3) *k (2)/k (3) *T (j+l, suml-l)

I+T(j, suml)

do i=suml+l,sum2-1

f (i)=lam(3)*T(j+l,i-1)- (l.+2.*lam(3))*T(j+l,i)+lam(3)

l*T (j +I, i+l) +T (j, i)

enddo
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f(sum2)--2.*lam(4)*T(j+l,sum2+l)- (l.+2.*lam(4)+2.*lam(4)

l'k (3)/k (4)) *T (j+l, sum2) +2. *lam (4) *k (3)/k (4) *T (j+l, sum2- I)

I+T (j , sum2)

do i-sum2+l, sum3-1

f(i)--lam(4)*T(j+l,i-1)- (1.+2.*lam(4))*T(j+l,i)+lam(4)

I*T (j+l,i+l) +T (j, i)

enddo

f(sum3)=2.*lam(5)*T(j+l,sum3+l)-(l.+2.*lam(5)+2.*lam(5)

l*k (4)/k (5)) *T (j +i, sum3) +2. *lain (5) *k (4)/k (5) *T (j +i, sum3-1)

I+T (j ,sum3)

do i=sum3+l, totnodes-I

f(i)=lam(5)*T(j+l,i-1)- (l.+2.*lam(5))*T(j+l,i)+lam(5)

l*T(j+l,i+l) +T(j,i)

enddo

f (totnodes)=-l.* (l.+2.*lam(5))*T(j+l,totnodes)+2.*lam{5)

I*T (j+l, totnodes- i) +T (j, totnodes)

send to tridiagonal solver

call tridag(a,b,c,f,delT,totnodes)

update the temperature values

do i=l,totnodes

T(j+l,i)=T(j+l,i)+delT(i)

enddo

b(1)=l.+2.*lam(1)+(8.*lam(1)*dx(1)*epsi*sigma*T(j+l,l)**3)/k(1)

normf=twonorm(f,totnodes)

normdelT=twonorm(delT,totnodes)

write(*,*) normf,normdelT

enddo

time(j)=time(j)+dt

enddo

do j=l,n

qrad(j)=epsi*sigma*T(j,l)**4

qcond(j)=qcv(j)-qrad(j)

enddo

return

end
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subroutine linint(n,dt,time,qcon,Tradeq)

program to linearly interpolate input values for TCAT

implicit none

integer i,j,numdata,n,start

real*8 time(5000),Tradeq(5000),qcon(5000)

real*8 tidata(5000),Tdata(5000),qdata(5000),dt

open (50, f ile='miniver.in' )

read (50, *)numdata

do i=l,numdata

read (50, *) tidata (i)

read (50, *) qdata (i)

read (50, *) Tdata (i)

enddo

close (50)

start=tidata (i)

n= (tidata (numdata) -start)/dt

time (i) =tidata (I)

do i=l,n+l

do j =i, numdata

if(time(i) .eq.tidata(j))then

Tradeq(i) =Tdata (j)

qcon (i) =qdata (j)

endif

if((time(i) .gt.tidata(j)) .and. (time(i) °it.tidata(j+l) ))

+then

Tradeq(i)=(time(i)-tidata(j) )/(tidata(j+l)-tidata(j) )*

+ (Tdata (j+l) -Tdata (j) ) +Tdata (j)

qcon(i)=(time(i)-tidata(j))/(tidata(j+l) -tidata(j) )*

+(qdata(j+l)-qdata(j) )+qdata(j)

endif

enddo

time (i+l) =time (i) +dt

enddo

open (61, file= 'linear .out ')

do i=l, n+l

write (61,1)time(i) ,Tradeq(i) ,qcon(i)

enddo

format (f12.2,f20.2,f20.6)

format (i2)

format (f10.2,f10.2,f10.2)

close (61)

return

end
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subroutine tridag(a,b,c,r,u,n)

* Solves for a vector u(l:n) of length N the tridiagonal linear set given.

* a(l:n),b(l:n),c(l:n), and r(l:n) are input vectors and are not modified.

* Parameter nmax is the maximum expected velue of N.

implicit none

integer n,nmax

real*8 a (n) ,b (n) ,c (n) , r (n) ,u (n)

parameter (nmax=500)

integer j

real*8 bet,gam(nmax)

if(b(1).eq.0.) pause 'tridag:rewrite equations'

bet=b (i)

u (i) =r (i)/bet

do j=2,n

gam(j ) =c (j -i)/bet

bet=b(j)-a(j)*gam(j)

if(bet.eq.0.)pause 'tridag failed'

u(j)= (r(j) -a(j) *u(j -I) )/bet

enddo

do j=n-l,l,-i

u(j)=u(j) -gam(j+l)*u(j+l)

enddo

return

end

function twonorm(x,n)

c

c external function to calculate the twonorm of a vector

c

implicit none

integer i,n

real*8 x(n),twonorm,sum

do i=l,n

x(i)=x(i)**2

enddo

sum=x(1)

do i=2,n

sum=sum+x(i)

enddo

twonorm=sqrt(sum)

return

end
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APPENDIX C

TCAT SINGLE TPS DESIGN CGI SCRIPTS
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#!/usr/sbin/perl

# Author: Kris Cowart

# Date Created: 8 Feb 00

# ........................ Obtain Information From Web Browser ...................

#
# This section of code allows a cgi script to run from a web browser.

# The information is passed using the POST and the input information is

# parceled out in a mesh type variable and stores in $FORM{$name}.

#

read(STDIN, $buffer, $ENV{'CONTENT_LENGTH'});

@pairs - split(/&/, $buffer);

foreach $pair (@pairs)

{
($name, $value) = split(/=/, $pair);

$value =~ tr/+/ /;

$value =- s/%([a-fA-F0-9] [a-fA-F0-9])/pack("C", hex $1))/eg;

$value =- s/-!/ ~!/g;

$FORM{$name} = $value;

}

# ........ assign information from input website to approprlate variable .......

$bodyarea=$FORM{'bodyarea'};

$bodytile=$FORM{'bodytile'};

$bodyblanket=$FORM{'bodyblanket'};

$sharp=$FORM{'sharp'};

$filename=$FORM{'filename'};

$bodyside=$FORM{'side'};

$material=$FORM{'tps');

# .................. MINIVER file is partitioned into body point files ..........

#

# partition the MINIVER file into separate body point files that includes time,

heat rate, temp

#

$i=0;

Sfilecount=0;

open(FILE,"<$filename");

until(eof FILE) {

reached

START: $ =<FILE>;

if (IA.{53}C\S-)l) {
$title=$1;

system("touch point$title");

system("chmod 777 point$title");

body point file

Sfilecount=$filecount+l;

} # end of if statement

while(<FILE>) {

the file

$i=$i+i;

#initialization of counter index "i"

#open statement with filehandle FILE

#goes through the MINVER file until the end is

#skips the first line of the data file

#searches for the bodypoint label

#create body point file

#change permissions inorder to write to

#while loop that reads thru each line of
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l^\s*(\s*)\s* (\s*)ks* (\s*)\s* (ks*)\s*(ks*)\s*(\s*)ks*(\s.)\s* (\s*)\s* (\s*)\s*(\s
•)\s*(ks.)ks- (ks*)ks. (ks*)/;

$time[$i]--$1; #array declaration for time

$tradeq[$i]=$9; #array declaration for rad eq temp

$qconv[$i]--$10; #array declaration for cony heat rate

$n=$i;

if ($i==-i00) {

open(NEWFILE,">point$title.) ; #open statement for new file "newsample"

$timesteps=$n- 1 ;

printf NEWFILE "$timesteps \n";#formatted print statement"

for($i=l; $i<$n; $i++) {

printf NEWFILE "%f \n" ,$time [$i] ;

printf NEWFILE "%f \n", $qconv [$i] ;

printf NEWFILE "%f \n",$tradeq[$i] ;

} #end of for loop

close(NEWFILE) ;

$i=0;

goto START

} #end of if statement

} #end of while loop

} #end of until loop

close(FILE);

# ...........................

# incrementally move each body point file into "miniver.in" and execute tcat

# perl script that creates the filenames needed inorder to batch execute tcat

# filename are created via input from the user

# inputs (file_start_number, file_end_number, body_side)

Sstart=l; #start of the file index

Send=($filecount-l)/2; #end of the file index

#Send=l;

open (FILE, ">inputs_for_outputs" ) ;

printf FILE "$bodyside\n";

printf FILE "$filename\n";

printf FILE "Send\n";

close (FILE) ;

system("touch thickness.txt ") ;

system("chmod 777 thickness.txt") ;

open (FINALOUTPUT, ">thickness. txt" ) ;

print FINALOUTPUT "TPS design results for Sbodyside analysis for $filename

\n\n";

# .............

for ($1oop_index=$start; Sloop_index <= Send; Sloop_index++) {

if ($bodyside eq "leeward") {

$name= "point 1 $ loop_index" ;

}
if ($bodyside eq "windward") {

$name="pointw$1oop_index";

}
system("touch /home/asdll/kcowart/public_html/miniver.in,) ;

system("chmod 777 /home/asdll/kcowart/public_html/miniver.in");

"cp /home/asdll/kcowart/public_html/$name

/home/asdll/kcowart/public_html/miniver.in';
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# ................ assign material properties ...............................

if ($material eq "AETB8_AI") {

$inputfile="AETB 8 AL 5inputs.in";

}
if ($material eq "AETB8_GrEx") {

$inputfile="AETB 8 GrEx 5inputs.in";

}
if ($material eq "AETB12_AI") {

$inputfile="AETB 12 AL 5inputs.in";

}
if ($material eq "AETB12_GrEx") {

$inputfile="AETB 12 GrEX_Sinputs.in";

}
if ($material eq "FRCI12_AI") {

$inputfile="FRCI 12 AL 5inputs.i";

}
if ($material eq "FRCI12_GrEx") (

$inputfile="FRCI 12 GrEx_5inputs.in";

}
if ($material eq "FRCI20_AI") {

$inputfile="FRCI 20 AL 5inputs.in";

}
if ($material eq "FRCI20_GrEx") {

$inputfile="FRCI 20 GrEx_5inputs.in";

}
if ($material eq "LI900_AI") {

$inputfile="LI_900 AL 5inputs.in";

}
if ($material eq "LI900_GrEx") {

$inputfile="LI 900 GrEx_5inputs.in";

f ($material eq "LI2200_AI") {

$inputfile="LI_2200 AL 5inputs.in";

}
if ($material eq "LI2200 GrEx") {

$inputfile= LI_2200_GrEx_5inputs. in" ;

}
if ($material eq "RCC_GrEx") {

$ input f i i e= "RCC_GrEx_5input s. in" ;

}
if ($material eq "RCC_AI") {

$inputfile="RCC AL 5inputs.in";

}
if ($material eq "SiC_GrEx") {

$input file=" SIC_GrEx_5inputs. in" ;

}
if ($material eq "SiC_A1") {

$inputfile="SIC AL 5inputs.in";

)
if ($material eq "TUFI GrEx") {

$ input f i i e = "TUFI_GrEx_5 input s. i n" ;

}
if ($material eq "AFRSI_AI") {

$inputfile="AFRSI A1 3inputs.in";

f ($material eq "AFRSI_GrEx") (

$inputfile="AFRSI_GrEx_3inputs.in";

if ($material eq "CFBI_AI") {

$inputfile="CFBI A1 3inputs.in";
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f ($material eq "CFBI_GrEx") {

$inputfile="CFBI_GrEx 3inputs.in";

if ($material eq "DURAFRSI AI") {

$inputfile="DURAFRSI A1 3inputs.in";

if ($material eq "DURAFRSI GrEx") {

$ input file= "DURAFRS I_GrExSinput s. in" ;

if ($material eq "PBI AI") {

$inputfile="PBI A1 3inputs.in";

if ($material eq "PBI GrEx") {

$inputfile- PBI_GrEx_3inputs. in"

if ($material eq "TABI AI"} {

$inputfile="TABI A1 3inputs.in";

if ($material eq "TABI GrEx") {

$inputfile- TABI_GrEx_3inputs in"

}

system ("touch inputs.in") ;

system("chmod 777 inputs.in" ;

system("cp $inputfile inputs.in >> error 2>&l") ;

if ($material eq "RCC GrEx") {

system(./home/asdlT/kcowart/public_html/go2.exe>junkoutput"); # run

TCAT

}
elsif ($material eq "RCC AI") {

system("/home/asdll/k_owart/public_html/go2.exe>junkoutput"); # run

TCAT

}
elsif ($material eq "SIC GrEx") {

system(" -- # run/home/asdll/kcowart/public_html/go2.exe>junkoutput") ;

TCAT

}
elsif ($material eq "SiC_A1") {

system(./home/asdll/kcowart/public_html/go2.exe>junkoutput") ; # run

TCAT

}
elsif ($material eq "TUFI GrEx") {

system("/home/asdll/kcowart/public_html/go2.exe>junkoutput"); # run

TCAT

}
else {

system(,,/home/asdll/kcowart/public_html/go.exe>junkoutput");# run TCAT

# system ("touch $name [Sloop_index] _temphist" ) ;

# system("chmod 777 Sname[$1oop_index]_temphist") ;

system("mv fort.90 ${name)_temphist >> error3") ;

# system("touch Sname [Sloop index]_heatratehist ") ;

# system("chmod 777 Sname[$1oop_index]_heatratehist") ;

system("mv fort. 91 ${name}_heatratehist >> error4") ;
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open(TCATOUTPUT,"<fort.12") ; # obtain the current thickness of TPS file

$ =<TCATOUTPUT> ;

F\s* (\s*)l;
$thickness=$1 ;

close (TCATOUTPUT) ;

$thkns [Sloop_index] =$thickness ;

printf FINALOUTPUT "%8s - TPS thickness = %6.3f

in. \n", Sname, Sthickness*100/2.54 ;

}

#system("rm point*");

# .......... end of heating analysis ................

$avg_thickness=0.0;

for ($1oop_index=$start; Sloop_index <= Send; Sloop_index++)

$avg_thickness=$avg_thickness+$thkns[$1oop_index];

}
$avg_thickness=$avg_thickness/$end;

open (DEN, "<material_density" ) ;

$ =<DEN> ;

l_\s* (\s*)I;

$tps_density=$1 ;

close (DEN) ;

# obtain the density of TPS material

if (($sharp eq "yes") && ($bodyside eq "windward")) {

$sharp_weight=4.6e-3*$bodyarea; #SHARP weight in ibm

if ($material eq "RCC_GrEx") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.O0254*1577.8347)/(O.O0254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

)
elsif ($material eq "RCC_AI") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.00254*1577.8347)/(0.00254+$avg_thickness)/0.4536/3.280813.2808/3.2808;

#obtain density of tps

}
elsif ($material eq "SiC_GrEx") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.00254*2400.00)/(0.00254+$avg_thickness)/0.453613.2808/3.2808/3.2808;

#obtain density of tps

)
elsif ($material eq "SiC_A1") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.00254*2400.00)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

}
elsif ($material eq "TUFI_GrEx") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.00254*1313.53)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

}
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else (

$ti_e-unit-weight=$a_g-thickness*3.28_8*$tps-density/_.4536/3.28_8/3.28_8/3.28_8

; #obtain density of tps

}
Stile_area to body_area=$bodytile;

printf FINALOUTPUT "\n";

printf FINALOUTPUT "Chosen TPS material was $material\n\n";

printf FINALOUTPUT "Nose SHARP TPS: %6.2f ibm\n", $sharp_weight;

printf FINALOUTPUT "$material unit weight: %8.4f ibm/ft2 \n

",Stile_unit_weight;

printf FINALOUTPUT "$material TPS area to body area ratio: %4.2f \n

",Stile_area to body_area;

)
if (($sharp eq "yes") && ($bodyside eq "leeward")) {

$sharp_weight=4.6e-3*$bodyarea; #SHARP weight in ibm

$b_anket-unit-weight=$avg-thickness*3.28_8*$tps-density/_.4536/3.28_8/3.28_8/3.2

808;; #obtain density of tps

$blanket_area to body_area=$bodyblanket;

printf FINALOUTPUT "\n";

printf FINALOUTPUT "Chosen TPS material was Smaterial\n\n";

printf FINALOUTPUT "Nose SHARP TPS: %6.2f ibm\n", $sharp_weight;

printf FINALOUTPUT "$material unit weight: %6.2f ibm/ft2 \n

",$blanket_unit_weight;

printf FINALOUTPUT "$material TPS area to body area ratio: %6.2f \n

",$blanket_area to body_area;

}
if (($sharp eq "no") && ($bodyside eq "windward")) {

if ($material eq "RCC GrEx") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.00254*1577.8347)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

}
elsif ($material eq "RCC_AI") {

$ti_e-unit-weight=($avg-thickness__.__254)*3.28_8*($avg-thickness*$tps-density__

.00254*1577.8347)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

}
elsif ($material eq "SIC GrEx") {

$tile_unit_weight=($avg_thickness+0.00254)*3.2808*($avg_thickness*$tps density+0

.00254*2400.00)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

}
elsif ($material eq "SiC_A1") {

$ti_e-unit-weight=($avg-thickness__.__254)*3.28_8*($avg-thickness*$tps-density__

.00254*2400.00)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

}
elsif ($material eq "TUFI_GrEx") {

$ti_e-unit-weight=($avg-thickness__.__254)*3.28_8*($avg-thickness*$tps-density__

.00254*1313.53)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

}
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else {

$tile_unit_weight=$avg thickness*3.2808*$tps_density/0.4536/3.2808/3.2808/3.2808

; #obtain density of tps

)
Stile_area to body_area=$bodytile;

printf FINALOUTPUT "Chosen TPS material was $material\n\n";

printf FINALOUTPUT "$material unit weight: %6.2f ibm/ft2 \n

",Stile_unit weight;

printf FINALOUTPUT "$material TPS area to body area ratio: %6.2f \n

",Stile_area to body_area;

if (($sharp eq "no") && ($bodyside eq "leeward")) {

$b_anket-unit-weight=$avg-thickness*3.28_8*$tps-density/_.4536/3.28_8/3.28_8/3.2

808;; #obtain density of tps

$blanket_area to body area=$bodyblanket;

printf FINALOUTPUT "Chosen TPS material was $materialkn\n";

printf FINALOUTPUT "$material unit weight: %6.2f Ibm/ft2 \n

,,,$blanket unit_weight;

printf FINALOUTPUT "$material TPS area to body area ratio: %6.2f \n

",$blanket_area to body_area;

)
close(FINALOUTPUT) ;

# ....................... print needed information to website ...................

#

# print information to webpage "tcat_output.html"

#

open(OUT,"<thickness.txt"); #opens the input file for TCAT script

open(WEB,"<tcat_output.html"); #open tcat html file

print .Content-type:text/html\n\n";

while(<WEB>){

if(/Insert stuff here/){

print "<BR>\n";

while (<OUT>) {

print "<BR>\n";

print $;

}
}
else{

print $_;

}
}
close (WEB) ;

close (OUT) ;
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#!/usr/sbin/perl

# Author: Kris Cowart

# Date Created: 8 Feb 00

# ........................ Obtain Information From Web Browser ...................

#

# This section of code allows a cgi script to run from a web browser.

# The information is passed using the POST and the input information is

# parceled out in a mesh type variable and stores in $FORM{$name}.

#

read(STDIN, $buffer, $EN-V{'CONTENT_LENGTH'});

@pairs = split(/&/, $buffer);

foreach $pair (@pairs)

{
($name, $value) = split(/=/, $pair);

$value =~ tr/+/ /;

$value =- s/%([a-fA-F0-9] [a-fA-F0-9])/pack("C", hex($1))/eg;

$value =- s/-!/ ~!/g;

$FORM{$name} = $value;

}

# ........ assign information from input website to appropriate variable .......

$cowlarea=$FORM{'cowlarea'};

$cowltile=$FORM{'cowltile'};

$cowlblanket=$FORM{'cowlblanket'};

$sharp=$FORM{'sharp'};

$cowl_length=$FORM{'leadingedge'};

$filename=$FORM{'filename'};

$bodyside=$FORM{'side'};

$material=$FORM{'tps'};

# .................. MINIVER file is partitioned into body point files ..........

#

# partition the MINIVER file into separate body point files that includes time,

heat rate, temp

#

$i=0;

Sfilecount=0;

open(FILE,"<$filename");

until(eof FILE) {

reached

ST/tRT: $ =<FILE>;

if (/^.{33}(\s*i/) {
$title=$1;

system("touch point$title") ;

system("chmod 777 point$title");

body point file

$filecount=$filecount+l;

} # end of if statement

while(<FILE>) {

the file

$i=$i+i;

#initialization of counter index "i"

#open statement with filehandle FILE

#goes through the MINVER file until the end is

#skips the first line of the data file

#searches for the bodypoint label

#create body point file

#change permissions inorder to write to

#while loop that reads thru each line of
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/*ks" (ks')ks* (ks')ks* (ks')ks* (ks*)ks* (Is*)ks* (ks*)is* (ks*)\s* (ks*)ks* (ks*)ks* (ks
*)ks* (ks*)\s*(ks*)ks* (\s*)I;

$time[$i]--$1; #array declaration for time

$tradeq[$i]--$9; #array declaration for rad eq temp

$qconv[$i]=$10; #array declaration for conv heat rate

$n=$i;

if ($I==-i00) {

open(NEWFILE, ">point$title ") ; #open statement for new file "newsample"

Stimesteps=$n-1 ;

printf NEWFILE "$timesteps \n";#formatted print statement"

for($i=l; $i<$n; $i++) {

printf NEWFILE "%f \n" ,$time [$i] ;

printf NEWFILE "%f \n", Sqconv[$i] ;

printf NEWFILE "%f in",$tradeq[$i] ;

} #end of for loop

close(NEWFILE);

$i=0;

goto START

#end of if statement

} #end of while loop

} #end of until loop

close(FILE);

# ...........................

# incrementally move each body point file into "miniver.in" and execute tcat

# perl script that creates the filenames needed inorder to batch execute tcat

# filename are created via input from the user

# inputs (file_start_number, file_end_number, body_side)

$start=l; #start of the file index

Send=($filecount-l)/2; #end of the file index

#Send=l;

open (FILE, ">inputs_for_outputs" ) ;

printf FILE "$bodyside\n";

printf FILE "$filename\n";

printf FILE "Send\n";

close (FILE) ;

system("touch thickness.txt") ;

system("chmod 777 thickness.txt") ;

open (FINALOUTPUT, ">thickness. txt" ) ;

print FINALOUTPUT "TPS design results for Sbodyside analysis for $filename

\n\n";

# .............

for ($1oop_index=$start; Sloop_index <= Send; Sloop_index++) {

if ($bodyside eq "leeward") {

Sname="pointl$1oop_index";

}
if ($bodyside eq "windward") {

$name="pointw$1oop_index";

}
system("touch /home/asdll/kcowart/public_html/miniver.in");

system("chmod 777 /home/asdll/kcowart/public_html/miniver.in") ;

"cp /home/asdll/kcowart/public_html/$name

/home/asdll/kcowart/public_html/miniver.in';
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# ................ assign material properties ...............................

if ($material eq "AETB8_AI") {

$inputfile="AETB 8 AL 5inputs.in";

)
if

)
if

)
if

}
if

)
if

)
if

)
if

)
if

)
if

)
if

}
if

}
if

}
if

}
if

}
if

($material eq "AETB8_GrEx") {

$inputfile="AETB 8 GrEx_5inputs.in";

($material eq "AETBI2_AI") {

$inputfile="AETB 12 AL 5inputs.in";

($material eq "AETBI2_GrEx") {

$inputfile="AETB 12 GrEx 5inputs.in";

($material eq "FRCII2 AI") {

$inputfile="FRCI 12 AL 5inputs.i";

($material eq "FRCII2_GrEx") {

$inputfile="FRCI 12 GrEx_Sinputs.in";

($material eq "FRCI20_AI") {

$inputfile="FRCI 20 AL 5inputs.in";

($material eq "FRCI20 GrEx") {

$inputfile="FRCI 20 G_Ex_5inputs.in";

($material eq "LI900_AI") {

$inputfile="LI_900 AL 5inputs.in";

Smaterial eq "LIg00 GrEx") {

$inputfile="LI_900_GrEx 5inputs.in";

$material eq "LI2200_AI") {

$inputfile="LI 2200 AL 5inputs.in";

Smaterial eq "LI2200 GrEx") {

$inputfile="LI_2200_G_Ex_5inputs.in";

Smaterial eq "RCC_GrEx") {

$inputfile="RCC_GrEx_5inputs.in";

Smaterial eq "RCC_AI") {

$inputfile="RCC AL 5inputs.in";

$material eq "SiC_GrEx") {

$inputfile="SIC_GrEx_5inputs.in";

$material eq "SiC_A1") {

$inputfile="SIC AL 5inputs.in";

}
if Smaterial eq "TUFI_GrEx") {

inputfile="TUFI_GrEx_5inputs.in";

}
if ($material eq "AFRSI_AI") {

$inputfile="AFRSI A1 3inputs.in";

}
if ($material eq "AFRSI_GrEx") {

$inputfile="AFRSI GrEx_3inputs.in";

)
if ($material eq "CFBI AI") {

$inputfile="CFBI A1 3inputs.in";
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f ($material eq "CFBI GrEx") {

input file=" CFBI_GrExSinputs. in" ;

f ($material eq "DURAFRSI AI") {

$inputfile="DURAFRSI A1 3inputs.in";

if ($material eq "DURAFRSl GrEx") {

$inputfile="DURAFRSI_GrEx_3inputs.in";

if ($material eq "PBI AI") {

$inputfile="PBI A1 3inputs.in";

if ($material eq "PBI_GrEx") {

$inputfile="PBI GrEx_3inputs.in";

if ($material eq "TABI AI") {

$inputfile="TABI A1 3inputs.in";

if ($material eq "TABI_GrEx") {

$inputfile="TABI_GrEx 3inputs.in";

)

system ("touch inputs, in") ;

system("chmod 777 inputs, in") ;

system("cp $inputfile inputs.in >> error 2>&l") ;

if ($material eq "RCC GrEx") {

system(" -- _ • t"_/home/asdll/kcowart/public html/go2 exe>junkoutpu , ; # run

TCAT

)
elsif ($material eq "RCC_AI") {

system(,/home/asdll/kcowart/public_html/go2.exe>junkoutput") ; # run

TCAT

)
elsif ($material eq "SiC_GrEx") {

system(,,/home/asdll/kcowart/public_html/go2.exe>junkoutput"); # run

TCAT

}
elsif ($material eq "SiC_A1") {

system("/home/asdll/kcowart/public_html/go2.exe>junkoutput"); # run

TCAT

)
elsif ($material eq "TUFI GrEx") {

system(,,/home/asdll/kcowart/public_html/go2.exe>junkoutput") ; # run

TCAT

}
else {

system(./home/asdll/kcowart/public_html/go.exe>junkoutput");# run TCAT

open(TCATOUTPUT,"<fort.12"); # obtain the current thickness of TPS file

$ =<TCATOUTPUT>;

l_\s* (ks')I;
$thickness=$1;

close(TCATOUTPUT);

Sthkns [Sloop_index] =$thickness ;
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printf FINALOUTPUT "%8s - TPS thickness = %6.3f

in.\n",$name,$thickness*100/2.54;

)

#system("rm point*") ;

# .......... end of heating analysis ................

Savg_thickness=0.0;

for ($1oop_index=$start; Sloop index <= Send; Sloop_index++)

Savg_thickness=$avg_thickness+$thkns[$1oop_index];

}
$avg_thickness=$avg_thickness/$end;

open(DEN,"<material density") ; # obtain the density of TPS material

$ =<DEN>;

l_\s* (\s*)/ ;
Stps_density=$1;

close(DEN);

if (($sharp eq "yes") && ($bodyside eq "windward")) {

Ssharp_weight=4.6e-3*$cowlarea; #SHARP weight in Ibm

if ($material eq "RCC_GrEx") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.O0254*1577.8347)/(O.O0254+$avg_thickness)/O.4536/3.2808/3.2808/3.2808;

#obtain density of tps

)
elsif ($material eq "RCC_AI") {

Stile_unit weight=($avg_thickness+O.OO254)*3.2808*($avg thickness*$tps_density+O

.00254*1577.8347)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

)
elsif ($material eq "SiC_GrEx") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.00254*2400.00)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

)
elsif ($material eq "SiC_A1") {

$tile_unit_weight=($avg thickness+0.00254)*3.2808*($avg_thickness*$tps_density+0

.O0254*2400.O0)/(O.O0254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

)
elsif ($material eq "TUFI_GrEx") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.00254*1313.53)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

)
else {

$ti_e-unit-weight=$avg-thickness*3.28_8*$tps-density/_.4536/3.28_8/3.28_8/3_28_8

; #obtain density of tps

)
Stile_area to body_area=$cowltile;

Scowl_length=Scowl_length*f00./2.54;
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printf FINALOUTPUT "\n";

printf FINALOUTPUT "Chosen TPS material was $material\n\n";

printf FINALOUTPUT "Cowl SHARP TPS: %7.4f Ibm/ft\n",

$sharp_weight/$cowl_length;

printf FINALOUTPUT "$material unit weight: %6.2f Ibm/ft2 \n

",Stile unit_weight;

printf FINALOUTPUT "$material TPS area to body area ratio: %6.2f \n

",Stile_area to body_area;

)
if (($sharp eq "yes") && ($bodyside eq "leeward")) {

$sharp_weight=4.6e-3*$cowlarea; #SHARP weight in Ibm

$blanket_unit weight=$avg_thickness*3.2808*$tps_density/0.4536/3.2808/3.2808/3.2

808; #obtain density of tps

Sblanket_area to body_area=Scowlblanket;

Scowl_length=Scowl_length*f00./2.54;

printf FINALOUTPUT "\n";

printf FINALOUTPUT "Chosen TPS material was Smaterial\n\n";

printf FINALOUTPUT "Cowl SHARP TPS: %6.2f ibm/ft\n",

$sharp_weight/$cowl_length;

printf FINALOUTPUT "$material unit weight: %6.2f ibm/ft2 \n

",$blanket_unit_weight;

printf FINALOUTPUT "$material TPS area to body area ratio: %6.2f \n

",$blanket_area to body_area;

)
if (($sharp eq "no") && ($bodyside eq "windward")) {

if ($material eq "RCC_GrEx") {

Stile_unit_weight=($avg_thickness+0.00254)*3.2808*(Savg_thickness*$tps density+0

.00254*1577.8347)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

}
elsif ($material eq "RCC_AI") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.00254*1577.8347)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

)
elsif ($material eq "SiC_GrEx") {

Stile_unit_weight=($avg_thickness+0.00254)*3.2808*($avg_thickness*$tps density+0

.00254*2400.00)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

}
elsif ($material eq "SiC_A1") {

Stile unit_weight=($avg_thickness+0.00254)*3.2808*($avg_thickness*$tps_density +0

.00254*2400.00)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

}
elsif ($material eq "TUFI_GrEx") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.00254*1313.53)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

}
else {
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$ti_e-unit-weight=$avg-thickness*3.28_8*$tps-density/_.4536/3.28_8/3.28_8/3.28_8

; #obtain density of tps

)
Stile area to body_area=$cowltile;

printf FINALOUTPUT "Chosen TPS material was $material\n\n";

printf FINALOUTPUT "$material unit weight: %6.2f ibm/ft2 \n

",Stile_unit_weight;

printf FINALOUTPUT "$material TPS area to body area ratio: %6.2f \n

",Stile_area to body_area;

}
if (($sharp eq "no") && ($bodyside eq "leeward")) {

$b_ank_t-unit-weight=$avg-thickness*3.28_8*$tps-density/_.4536/3.28_8/3.28_8/3.2

808; #obtain density of tps

Sblanket_area to body_area=$cowlblanket;

printf FINALOUTPUT "Chosen TPS material was Smaterial\n\n";

printf FINALOUTPUT "$material unit weight: %6.2f ibm/ft2 \n

",$blanket_unit_weight;

printf FINALOUTPUT "$material TPS area to body area ratio: %6.2f \n

",$blanket_area to body_area;

}
close(FINALOUTPUT);

# ....................... print needed information to website ...................

#

# print information to webpage "tcat_output.html"

#

open(OUT,"<thickness.txt") ; #opens the input file for TCAT script

open(WEB,"<tcat_output.html"); #open tcat html file

print "Content-type:text/html\n\n";

while(<WEB>){

if(/Insert stuff here/){

print "<BR>\n";

while (<OUT>) {

print "<BR>\n";

print $_;

)
)
else{

print $_;

)
)
close (WEB) ;

close (OUT) ;
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#!/_r/sbi_pcrl

# Author: Kris Cowart

# Date Created: 8 Feb 00

# ........................ Obtain Information From Web Browser ...................

#

# This section of code allows a cgi script to run from a web browser.

# The information is passed using the POST and the input information is

# parceled out in a mesh type variable and stores in $FORM{$name}.

#

read(STDIN, $buffer, $ENV{'CONTENT_LENGTH'});

@pairs = split(/&/, Sbuffer);

foreach $pair (@pairs)

{
(Shame, $value) = split(/=/, $pair) ;

$value =~ tr/+/ /;

$value =~ s/%([a-fA-F0-9] [a-fA-F0-9])/pack("C", hex($1))/eg;

$value =- s/~!/ -i/g;

$FORM{$name} = $value;

)

# ........ assign information from input website to appropriate variable .......

$wingarea=$FORM{'wingarea'};

$wingtile=$FORM{'wingtile'};

$wingblanket=$FORM{'wingblanket'};

$sharp=$FORM{'sharp'};

Swing_length=$FORM{'leadingedge'};

Sfilename=$FORM{'filename'};

$bodyside=$FORM{'side'};

$material=$FORM{'tps'};

# .................. MINIVER file is partitioned into body point files ..........

#

# partition the MINIVER file into separate body point files that includes time,

heat rate, temp

#

$i=0;

Sfilecount=0;

open(FILE,"<$filename") ;

until(eof FILE) {

reached

START: $ =<FILE>;

if ¢iA.{53}¢\s.)l) {
Stitle=$1;

system("touch pointStitle");

system("chmod 777 pointStitle");

body point file

$filecount=$filecount+l;

} # end of if statement

while(<FILE>) {

the file

$i=$i+i;

#initialization of counter index "i"

#open statement with filehandle FILE

#goes through the MINVER file until the end is

#skips the first line of the data file

#searches for the bodypoint label

#create body point file

#change permissions inorder to write to

#while loop that reads thru each line of
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/*ks* (ks*)ks* (ks*)ks* (ks*)ks* (ks*)ks* (ks*)ks* (ks*)ks* (ks*)ks* (ks*)ks* (ks*)ks* (ks
*)\s* (\s*)ks* (\s*)ks* (ks*)/;

$time[$i]=$1; #array declaration for time

Stradeq[$i]=$9; #array declaration for rad eq temp

Sqconv[$i]=$10; #array declaration for conv heat rate

$n=$i ;

if ($I--=-I00) {

open(NEWFILE,">point$title") ; #open statement for new file "newsample"

$timesteps=$n-i ;

printf NEWFILE "$timesteps \n";#formatted print statement"

for($i=l; $i<$n; $i++) {

printf NEWFILE "%f \n" , $time [$i] ;

printf NEWFILE "%f \n",$qconv[$i] ;

printf NEWFILE "%f \n",$tradeq[$i] ;

} #end of for loop

close (NEWFILE) ;

$i=0;

goto STA/_T

} #end of if statement

} #end of while loop

) #end of until loop

close (FILE) ;

# ...........................

# incrementally move each body point file into "miniver. in" and execute tcat

# perl script that creates the filenames needed inorder to batch execute tcat

# filename are created via input from the user

# inputs (file_start_number, file_end_number, body_side)

$start=l; #start of the file index

$end=($filecount-l)/2; #end of the file index

#$end=l ;

open (FILE, ">inputs_for_outputs" ) ;

printf FILE "$bodyside\n";

printf FILE "$filename\n";

printf FILE "$endkn";

close (FILE) ;

system ("touch thickness.txt") ;

system("chmod 777 thickness.txt") ;

open (FINALOUTPUT, ">thi ckness, txt" ) ;

print FINALOUTPUT "TPS design results for Sbodyside analysis for Sfilename

\n\n" ;

# .............

for ($1oop_index=$start; Sloop_index <= Send; Sloop_index++) {

if ($bodyside eq "leeward") {

$name= "point 1 $1 oop index" ;

}
if ($bodyside eq "windward") {

$name=" point w$1 oop_index" ;

}
system ("touch /home/asdll/kcowart/public_html/miniver. in") ;

system("chmod 777 /home/asdll/kcowart/public_html/miniver.in") ;

"cp /home/asdl 1/kcowart/public_html /$name

/home/asdl I/kcowart/public_html/miniver. in" ;
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# ................ assign material properties ...............................

if ($material eq "AETBS_AI") {

$inputfile="AETB 8 AL 5inputs.in";

}
if ($material eq "AETBS_GrEx") {

$inputfile="AETB 8 GrEx_5inputs.in";

}
if ($material eq "AETBI2_AI") {

• w$inputfile="AETB 12 AL 5inputs.ln ;

}
if ($material eq "AETBI2_GrEx") {

$inputfile="AETB 12 GrEx_5inputs.in";

)
if ($material eq "FRCII2_AI") {

$inputfile="FRCI 12 AL 5inputs.i";

}
if ($material eq "FRCII2_GrEx") {

$inputfile="FRCI 12 GrEx 5inputs.in";

}
if ($material eq "FRCI20_AI") {

$inputfile="FRCI 20 AL 5inputs.in";

)
if ($material eq "FRCI20_GrEx") {

$inputfile="FRCI 20 GrEx_5inputs.in";

}
if ($material eq "LI900_AI") {

$inputfile="LI_900 AL 5inputs.in";

)
if ($material eq "LI900 GrEx") {

$inputfile="LI_900_G_Ex_5inputs.in";

f ($material eq "LI2200_AI") {

$inputfile="LI_2200 AL 5inputs.in";

}
if ($material eq "LI2200 GrEx") {

$inputfile="LI_2200_G_Ex_5inputs.in";

}
if ($material eq "RCC_GrEx") {

$inputfile="RCC_GrEx_5inputs.in";

}
if ($material eq "RCC_AI") {

$inputfile="RCC AL 5inputs.in";

}
if ($material eq "SiC_GrEx") {

$inputfile="SIC_GrEx_Sinputs.in";

}
if ($material eq "SiC_A1") {

$inputfilez"SIC AL 5inputs.in";

}
if ($material eq "TUFI_GrEx") {

$inputfile="TUFI_GrEx_5inputs.in";

}
if ($material eq "AFRSI_AI") {

$inputfile="AFRSI A1 3inputs.in";

)
if ($material eq "AFRSI GrEx") {

$inputfile="AFRSI_GrEx_3inputs.in";

}
if ($material eq "CFBI_AI") {

$inputfile="CFBI A1 3inputs.in";
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}
if ($material eq "CFBI GrEx") {

$ input file= "CFBI_GrEx_3input s. in" ;

}
if ($material eq "DITRAFRSI_AI") {

$inputfile="DURAFRSI A1 3inputs.in";

}
if ($material eq "DURAFRSI GrEx") {

$ input f i i e = "DURAFRS I_GrEx__inpu t s. i n" ;

}
if ($material eq "PBI_AI") {

$inputfile="PBI A1 3inputs.in";

)
if ($material eq "PBI GrEx") {

$input file= "PBI_GrEx_3inputs. in" ;

}
if ($material eq "TABI AI") {

$inputfile="TABI A1 3inputs.in";

}
if ($material eq "TABI GrEx") {

$input f ile="TABI_GrEx__input s. in" ;

}

system("touch inputs, in") ;

system("chmod 777 inputs.in") ;

system("cp $inputfile inputs.in >> error 2>&l");

if ($material eq "RCC_GrEx") {

system("/home/asdll/kcowart/public_html/go2.exe>junkoutput") ; # run

TCAT

}
elsif ($material eq "RCC_AI") {

system ( "/home/asdll/kcowart/public_html/go2. exe>j unkoutput" ) ; # run

TCAT

}
elsif ($material eq "SiC_GrEx") {

system("/home/asdll/kcowart/public_html/go2.exe>junkoutput") ; # run

TCAT

)
elsif ($material eq "SiC_A1") {

system("/home/asdll/kcowart/public_html/go2.exe>junkoutput"); # run

TCAT

}
elsif ($material eq "TUFI GrEx") {

system("/home/asdll/kcowart/public_html/go2.exe>junkoutput") ; # run

TCAT

}
else {

system("/home/asdll/kcowart/public_html/go.exe>junkoutput");# run TCAT

open(TCATOUTPUT,"<fort.12") ; # obtain the current thickness of TPS file

$ =<TCATOUTPUT> ;

l_\s*(ks*)I;
Sthickness=$1 ;

close (TCATOUTPUT) ;

Sthkns [Sloop_index] =$thickness ;
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printf FINALOUTPUT "%8s - TPS thickness = %6.3f

in.\n",$name,$thickness*100/2.54;

}

# .......... end of heating analysis ................

Savg_thickness=0.0;

for ($1oop_index=$start; Sloop_index <= Send; Sloop_index++)

Savg_thickness=$avg_thickness+$thkns[$1oop_index];

)
$avg_thickness=$avg_thickness/$end;

open (DEN, "<material_density" ) ;

$ =<DEN>;

/_\s* (ks*)/ ;
$tps_density=$1 ;

close (DEN) ;

# obtain the density of TPS material

if (($sharp eq "yes") && ($bodyside eq "windward")) {

$sharp_weight=4.6e-3*$wingarea; #SHARP weight in ibm

if ($material eq "RCC_GrEx") {

Stile unit_weight=($avg_thickness+0.00254)*3.2808*($avg_thickness*$tps_density+0

.00254*1577.8347)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

)
elsif ($material eq "RCC_AI") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.00254*1577.8347)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

}
elsif ($material eq "SiC_GrEx") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.00254*2400.00)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

)
elsif ($material eq "SiC_A1") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.00254*2400.00)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

}
elsif ($material eq "TUFI_GrEx") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.00254*1313.53)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

)
else {

$ti_e-unit-weight=$a_g-thickness*3.28_8*$tps-density/_.4536/3.28_8/3.28_8/3.28_8

; #obtain density of tps

}
Stile_area to body_area=$wingtile;

Swing_length=Swing_length*f00./2.54;

printf FINALOUTPUT "\n";

printf FINALOUTPUT "Chosen TPS material was $material\nkn";
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printf FINALOUTPUT "Wing SHARP TPS: %7.4f ibm/ft\n",

$sharp_weight/$wing_length;

printf FINALOUTPUT "$material unit weight: %6.2f ibm/ft2 \n

",Stile_unit_weight;

printf FINALOUTPUT "$material TPS area to body area ratio: %6.2f \n

",Stile_area to body_area;

}
if (($sharp eq "yes") && ($bodyside eq "leeward")) {

Ssharp_weight=4.6e-3*$wingarea; #SHARP weight in ibm

$b_anket-unit-weight=$avg-thickness*3.28_8*$tps-density/_.4536/3.28_8/3.28_8/3.2

808; #obtain density of tps

Sblanket area to body_area=$wingblanket;

Swing_length=Swing_length*f00./2.54;

printf FINALOUTPUT "\n";

printf FINALOUTPUT "Chosen TPS material was $material\n\n";

printf FINALOUTPUT "Wing SHARP TPS: %6.2f ibm/ft\n",

$sharp_weight/$wing_length;

printf FINALOUTPUT "$material unit weight: %6.2f Ibm/ft2 \n

",$blanket_unit_weight;

printf FINALOUTPUT "$material TPS area to body area ratio: %6.2f \n

",$blanket_area to body_area;

}
if (($sharp eq "no") && ($bodyside eq "windward")) {

if ($material eq "RCC_GrEx") {

$tile_unit_weight=($avg_thickness+0.00254

.00254*1577.8347)/(0.00254+$avg_thickness

#obtain density of tps

}
elsif ($material eq "RCC_AI") {

*3.2808*($avg_thickness*$tps_density+0

/0.4s36/3.2808/3.2808/3.2808;

$tile_unit_weight=($avg_thickness+0.00254

.00254*1577.8347)/(0.00254+$avg_thickness

#obtain density of tps

}
elsif ($material eq "SiC_GrEx") {

*3.2808*($avg_thickness*$tps_density+0

/0.4536/3.2808/3.2808/3.2808;

$tile_unit_weight=($avg_thickness+0.00254 *3.2808*($avg_thickness*$tps_density+0

.O0254*2400.O0)/(O.O0254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

}
elsif ($material eq "SiC_A1") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.O0254*2400.O0)/(O.O0254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

}
elsif ($material eq "TUFI_GrEx") {

$ti_e-unit-weight=($avg-thickness+_.__254)*3.28_8*($avg-thickness*$tps-density+_

.00254*1313.53)/(0.00254+$avg_thickness)/0.4536/3.2808/3.2808/3.2808;

#obtain density of tps

}
else {

$ti_e-unit-weight=$avg-thickness*3.28_8*$tps-density/_.4536/3.28_8/3.28_8/3.28_8

; #obtain density of tps

}
Stile_area to body_area=$wingtile;

115



printf FINALOUTPUT "Chosen TPS material was Smaterial\n\n";

printf FINALOUTPUT "$material unit weight: %6.2f ibm/ft2 \n

,,,Stile_unit_weight;

printf FINALOUTPUT "$material TPS area to body area ratio: %6.2f \n

",Stile_area to body_area;

}
if (($sharp eq "no") && ($bodyside eq "leeward")) {

$b_anket-unit-weight=$avg-thickness*3.28_8*$tps-density/_.4536/3.28_8/3.28_8/3.2

808; #obtain density of tps

$blanket_area_to_body_area=$wingblanket;

printf FINALOUTPUT "Chosen TPS material was Smaterial\n\n";

printf FINALOUTPUT "$material unit weight: %6.2f ibm/ft2 \n

",$blanket_unit_weight;

printf FINALOUTPUT "$material TPS area to body area ratio: %6.2f \n

",$blanket_area to body area;

)
close(FINALOUTPUT);

# ....................... print needed information to website ...................

#

# print information to webpage "tcat_output.html"

#

open(OUT,"<thickness.txt"); #opens the input file for TCAT script

open(WEB,"<tcat_output.html") ; #open tcat html file

print "Content-type:text/html\n\n";

while(<WEB>){

if(/Insert stuff here/){

print "<BR>\n";

while (<OUT>) {

print "<BR>\n";

print $_;

}
)
else{

print $_;

}
)
close (WEB) ;

close (OUT) ;
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APPENDIX D

TCAT MULTIPLE TPS DESIGN CGI SCRIPTS
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#!/usr/sbin/perl

# ......................................................

# Obtain Information From Web Browser

# ......................................................

#

# This section of code allows a cgi script to run from a web browser.

# The information is passed using the POST and the input information is

# parceled out in a mesh type variable and stores in $FORM{$name}.

#

read(STDIN, $buffer, $ENV{'CONTENT_LENGTH'});

@pairs = split(/&/, $buffer);

foreach Spair (@pairs)

{
($name, $value) = split(/=/, $pair);

Svalue =- tr/+/ /;

$value =- s/%([a-fA-F0-9] [a-fA-F0-9])/pack("C", hex($1))/eg;

$value =- s/-!/ -!/g;

$FORM{$name} = $value;

}

# ..............................................................

# assign information from input website to appropriate variable

# ..............................................................

$bodyarea=$FORM{'bodyarea'};

$tileratio=$FORM{'tileratio'};

$blanketratio=$FORM{'blanketratio'};

$bodyside=$FORM{'side'};

$backfacematerial=$FORM{'backface'};

$sharp=$FORM{'sharp'};

$tps_family=$FORM{'tpsfamily'};

$filename=$FORM{'filename'};

# ...........................................................................

# create the body point files

# ...........................................................................

$i=0;

Sfilecount=0;

open(FILE,"<$filename") ;

until(eof FILE) {

reached

START: $_=<FILE>;

if ¢/*.{73}(\s*)/) {
Stitle=$1;

Sfilecount=$filecount÷l;

} # end of if statement

while(<FILE>) {

the file

$i=$i+I;

#initialization of counter index "i"

#open statement with filehandle FILE

#goes through the MINVER file until the end is

#skips the first line of the data file

#searches for the bodypoint label

#while loop that reads thru each line of

/*\s_(\s*)\s*(\s*)\s*(\s_)\s_(\s*)\s*(\s*)\s*(\s_)\s*(\s_)\s*(\s_)\s*(\s*)\s*(\s

*)\s*(ks*)ks*(ks*)\s*(ks*)/;
$time[$i]=$1; #array declaration for time

Stradeq[$i]=$9; #array declaration for rad eq temp
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$qconv[$i]=$10; #array declaration for conv heat rate

$n=$i;

if ($i==-I00) {

open(NEWFILE,">point$title,,) ; #open statement for new file "newsample"

Stimesteps=$n-I ;

printf NEWFILE "$timesteps \n";#formatted print statement"

for($i=l; $i<$n; $i++) {

printf NEWFILE "%f \n", $time [$i] ;

printf NEWFILE "%f \n",$qconv[$i] ;

printf NEWFILE "%f \n",$tradeq[$i] ;

} #end of for loop

close(NEWFILE);

$i=0;

goto START

#end of if statement

} #end of while loop

) #end of until loop

close(FILE);

# ...........................................................................

# loop trough the body point files and determine the materials for each

# body point

# ...........................................................................

$start=l; #start of the file index

Send=($filecount-l)/2; #end of the file index

#Send=l;

open (FILE, "> inputs_for_outputs" ) ;

printf FILE "$bodyside\n";

printf FILE "$filename\n";

printf FILE "Send\n";

close (FILE) ;

# ...........................................

# determine the TPS based on the Rad Eq Temp

# ...........................................

for ($1oop_index=$start; Sloop_index <= Send; Sloop_index++) {

if ($bodyside eq "leeward") {

$name[$1oop_index]="pointl$1oop_index"; # stores the bodypoint filename

)
if ($bodyside eq "windward") {

$name[$1oop_index]="pointw$1oop_index"; # stores the bodypoint filename

)

# .....................................................

# read inforamtion from body point files

# .....................................................

$maxradeqtemp = 0.0;

open (FILE,"< $name[Sloop_index]") ;

Sk = readline(*FILE) ;

chop (Sk) ;

for ($index = i; $index <= $k; $index÷+) {

$time [$index] -- readline(*FILE) ;

chop ($time [$index] ) ;

$qconv[$index] = readline(*FILE) ;
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chop ($qconv [$index] ) ;

$tradeq[$index] = readline(*FILE) ;

chop ($tradeq [$index] ) ;

}
close (FILE) ;

# dynamically allowcate files for Radiation Equilibrium Temp for each body point

..............................................................................

open (FILE, "> $name [Sloop_index] _radeqtemp" ) ;

for ($index=l; $index <= $k; $index++) {

printf FILE "%10.2f %10.2f\n",$time[$index] ,$tradeq[$index] ;

}
close (FILE) ;

# find the maximum value of the rastemperature

....................................................

$i = 0;

Smaxradeqtemp=$tradeq[l];

for($i = 2; $i <= $n; $i++) {

if ($tradeq[$i] • $maxradeqtemp) {

$maxradeqtemp=$tradeq[$i];

}
}

# make material selection based on backface material, side of vehicle, and

# rad eq temp, and conduct heating analysis at each body point

..........................................................................

if ($tps_family eq "all") {

if ($backfacematerial eq "TiAI") {

if ($bodyside eq "windward") {

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp • 1866.333)) {

Smaterial[$1oop_index] = "RCC tiles";

$inputfile[$1oop_index]="RCC_TiAl_5inputs.in";

$score[$1oop_index]=5;

}
elsif (($maxradeqtemp <= 1866.333) and ($maxradeqtemp • 1699.667)) {

Smaterial[$1oop_index] = "SIC tiles";

$inputfile[$1oop_index]="SICSiAl_5inputs.in";

$score[$1oop_index]=4;

}
elsif (($maxradeqtemp <- 1699.667) and ($maxradeqtemp • 1644.111)) {

$material[$1oop_index] - ,,AETBl2_tiles";

$inputfile[$1oop_index]="AETB 12 TiAI 5inputs.in";

$score[$1oop_index]=3;

}
elsif (($maxradeqtemp <= 1644.111) and ($maxradeqtemp • 1588.556)) {

Smaterial[$1oop_index] = "AETBS_tiles";

$inputfile[$1oop_index]="AETB 8 TiAl_5inputs.in";

$score[$1oop_index]=2;

)
elsif (($maxradeqtemp <= 1588.556) and ($maxradeqtemp • 0.0)) {

Smaterial[$1oop_index] = "LI900_tiles";
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$inputfile[Sloop index]--"LI_900_TiAl_5inputs.in";

$score [Sloop_index] =i ;

)
)
elsif ($bodyside eq "leeward") {

if(($maxradeqtemp <= 1477.444) and ($maxradeqtemp > 1366.333)) {

Smaterial[Sloop_index] = "CFBI blankets";

$inputfile [Sloop_index] ="CFBI_TiAl_3inputs. in";

$score[Sloop index] =7;

)
elsif ($maxradeqtemp <= 1366.333) and ($maxradeqtemp • 1310.778)) {

Smaterial[Sloop_index] = "AFRSI2500 blankets";

$inputfile [Sloop_index] =,AFRSI2500_TiAl_3inputs. in";

$score [Sloop_index] =6;

}
elsif ($maxradeqtemp <= 1310.778 and ($maxradeqtemp • 1255.222)) {

Smaterial[Sloop_index] = "AFRSI2200_blankets";

$input file [Sloop_index] ="AFRSI2200_TiAl_3inputs. in" ;

Sscore[Sloop index] =5;

}
elsif ($maxradeqtemp <= 1255.222 and ($maxradeqtemp > 921.889) {

Smaterial [Sloop_index] = "DURAFRSI blankets";

$inputfile [Sloop_index] ="DURAFRSISiAI_3inputs. in" ;

$score [Sloop_index] =4 ;

)
elsif ($maxradeqtemp <= 921.889) and ($maxradeqtemp • 699.667)) {

$material [Sloop_index] = "AFRSI blankets";

$input file [Sloop_index] ="AFRSI_TiAl_3input s. in";

$score [Sloop_index] =3 ;

}
elsif ($maxradeqtemp <= 699.667 and ($maxradeqtemp • 505.222)) {

$material [Sloop_index] = ,'PBI_blankets";

$input file [Sloop_index] =" PBI_TiAl_3inputs. in" ;

$score [Sloop_index] =2 ;

)
elsif ($maxradeqtemp <= 505.222 and ($maxradeqtemp > 0.0)) {

$material[Sloop_index] = "FRSI_blankets";

$input file=" FRSI_TiAl_3inputs. in" ;

$score [Sloop_index] =I ;

}
}

)
elsif ($backfacematerial eq "GrEx") {

if ($bodyside eq ',windward") {

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp • 1866.333)) {

Smaterial [Sloop_index] = "RCC_tiles";

$input file [Sloop_index] ="RCC_GrEx_5inputs. in" ;

$score [Sloop_index] =5 ;

)
elsif (($maxradeqtemp <= 1866.333) and ($maxradeqtemp > 1699.667)) {

$material [Sloop_index] = "SiC_tiles";

$input file [Sloop_index] ="SIC_GrEx_5inputs. in" ;

$score [Sloop_index] --4 ;

}
elsif (($maxradeqtemp <-- 1699.667) and ($maxradeqtemp • 1644.111)) {

Smaterial [Sloop_index] = "AETBl2_tiles";

$inputfile[Sloop_index]="AETB 12 GrEx_5inputs.in";

$score [Sloop_index] =3 ;

)
elsif (($maxradeqtemp <= 1644.111) and ($maxradeqtemp > 1588.556)) {
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Smaterial [Sloop_index] -- "AETB8_tiles" ;

$inputfile [Sloop_index] ="AETB 8 GrEx_5inputs. in" ;

$score [Sloop_index] =2 ;

)
elsif (($maxradeqtemp <= 1588.556) and ($maxradeqtemp > 0.0)) {

Smaterial[Sloop_index] = "LI900_tiles";

$inputfile [Sloop_index] --"LI_900_GrEx_5inputs. in" ;

$score [Sloop_index] =1 ;

}
}
elsif ($bodyside eq "leeward") {

if(($maxradeqtemp <= 1477.444) and ($raaxradeqtemp > 1366.333)) {

Smaterial[Sloop_index] = "CFBI_blankets";

$input file [Sloop_index] ="CFBI_GrEx_3inputs. in" ;

$score [Sloop_index] =7 ;

}
elsif (($maxradeqtemp <= 1366.333) and ($maxradeqtemp > 1310.778)) {

Smaterial[Sloop_index] = "AFRSI2500_blankets";

$input file [$ loop_index] = "AFRSI2500_GrEx_3 inputs, in" ;

Sscore [Sloop_index] =6 ;

}
elsif (($maxradeqtemp <= 1310.778) and ($maxradeqtemp > 1255.222)) {

Smaterial[Sloop_index] = "AFRSI2200 blankets";

$input file [Sloop_index] ="AFRSI2200_GrEx_3inputs. in" ;

$score [Sloop_index] =5 ;

}
elsif (($maxradeqtemp <= 1255.222) and ($maxradeqtemp • 921.889)) {

Smaterial [Sloop_index] = "DURAFRSI_blankets";

$ input f i le [$ loop_index] = "DURAFRS I_GrEx_3 inputs, in" ;

$score [Sloop_index] =4 ;

}
elsif (($maxradeqtemp <= 921.889) and ($maxradeqtemp > 699.667)) {

$material[Sloop_index] -- "AFRSI_blankets";

$inputfile [Sloop_index] ="AFRSI_GrEx_3inputs. in" ;

$score[Sloop index] =3;

}
elsif (($maxradeqtemp <= 699.667) and ($maxradeqtemp • 505.222)) {

$material [Sloop_index] = "PBI_blankets";

$inputfile[Sloop index]="PBI_GrEx_3inputs.in";

Sscore [Sloop_index] =2 ;

}
elsif (($maxradeqtemp <-- 505.222) and ($maxradeqtemp • 0.0)) {

$material[Sloop_index] = "FRSI_blankets";

$inputfile [Sloop_index] ="FRSI_GrEx_3inputs. in";

$score [Sloop_index] =i ;

}
}

}
}
elsif ($tps_family eq "nextgen") {

if ($backfacematerial eq "TiAI") {

if ($bodyside eq "windward") {

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp > 1866.333)) {

$material[$1oop_index] = "RCC tiles";

$inputfile[$1oop_index]="RCC_¥iAl_5inputs.in";

$score[$1oop_index]=3;

}
elsif (($maxradeqtemp <= 1866.333) and ($maxradeqtemp • 1588.556)) {

$material[$1oop_index] = "SIC tiles";

$inputfile[$1oop_index]="SIC_TiAl_5inputs.in";

122



$score [Sloop_index] =2 ;

}
elsif (($maxradeqtemp <= 1588.556) and ($maxradeqtemp > 200.00)) {

$material[Sloop_index] = "LI900_tiles";

$inputfile[$1oop_index]= "LI 900_TiAl_5inputs.in ";

$score [Sloop_index] =i ;

)
)
elsif ($bodyside eq "leeward") {

if(($maxradeqtemp <-- 1477.444) and ($maxradeqtemp > 1366.333)) {

$material [Sloop_index] -- "CFBI blankets";

$ input f i i e [$1 oop index ] = "CFB I_TiAI_3 input s. in" ;

$score [Sloop_index] =4 ;

)
elsif (($maxradeqtemp <= 1366.333) and ($maxradeqtemp > 1310.778)) {

Smaterial[Sloop_index] = "AFRSI2500 blankets";

$ input f i I e [Sloop_index] = "AFRS 12500_TiAI_3 input s. in" ;

$score [Sloop_index] =3 ;

)
elsif (($maxradeqtemp <= 1310.778) and ($maxradeqtemp > 1255.222)) {

$material[Sloop_index] = "AFRSI2200 blankets";

$inputfile [Sloop_index] ="AFRSI2200_TiAl_3inputs. in ;

$score [Sloop_index] =2 ;

)
elsif (($maxradeqtemp <= 1255.222) and ($maxradeqtemp > 200.00)) {

$material[Sloop_index] = "DURAFRSI blankets";

$input file [Sloop_index] ="DURAFRS I_TiAI_3 inputs, in" ;

$score [Sloop_index] =i ;

}
)

)
elsif ($backfacematerial eq "GrEx") {

if ($bodyside eq "windward") {

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp > 1866.333)) {

Smaterial[Sloop_index] = "RCC tiles";

$input file [Sloop_index] ="RCC_GrEx 5inputs. in" ;

Sscore [Sloop_index] =3 ;

)
elsif (($maxradeqtemp <= 1866.333) and ($maxradeqtemp > 1588.556)) {

Smaterial[Sloop_index] = "SiC_tiles";

$inputfile [Sloop_index] ="SIC_GrEx_5inputs. in" ;

$score [Sloop_index] =2 ;

)
elsif (($maxradeqtemp <= 1588.556) and ($maxradeqtemp > 200.00)) {

Smaterial [Sloop_index] = "LI900_tiles";

$input file [Sloop_index] ="LI_900_GrEx_5inputs. in" ;

$score [Sloop_index] --i ;

}
)
elsif ($bodyside eq "leeward") {

if(($maxradeqtemp <= 1477.444) and ($maxradeqtemp > 1366.333)) {

Smaterial [Sloop_index] = "CFBI blankets";

$inputfile[$1oop index]= "CFBI_GrEx_3inputs.in ";

$score [Sloop_index] =4 ;

)
elsif (($maxradeqtemp <= 1366.333) and ($maxradeqtemp > 1310.778)) {

$material[Sloop index] = "AFRSI2500_blankets";

$inputfile [Sloop_index] ="AFRSI2500_GrEx_3inputs. in";

$score [Sloop_index] =3 ;

}
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elsif (($maxradeqtemp <= 1310.778) and ($maxradeqtemp • 1255.222)) {

Smaterial [Sloop_index] = "AFRSI2200_blankets" ;

$inputfile [Sloop_index] --"AFRSI2200_GrEx_3inputs. in" ;

$score [Sloop_index] =2 ;

)
elsif (($maxradeqtemp <= 1255.222) and ($maxradeqtemp > 200.00)) {

Smaterial [Sloop_index] = "DURAFRSI_blankets";

$ input f i i e [$1 oop_i ndex ] = "DURAFRS I_GrEx_3 input s. in" ;

$score [Sloop_index] =i ;

}
}

}
}
elsif (Sips_family eq "shuttle") {

if ($backfacematerial eq "TiAI") {

if ($bodyside eq "windward") {

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp > 1866.333)) {

$material [Sloop_index] = "RCC tiles";

$input file [Sloop_index] ="RCC_TiAl_5inputs. in" ;

Sscore [Sloop_index] =3 ;

)
elsif (($maxradeqtemp <= 1866.333) and ($maxradeqtemp > 1644.111)) {

Smaterial [Sloop_index] = "LI2200_tiles";

$inputfile [Sloop_index] =.LI_2200_TiAl_Sinputs. in" ;

$score [Sloop_index] =2 ;

)
elsif (($maxradeqtemp <= 1644.111) and ($maxradeqtemp > 200.0) ) {

Smaterial[Sloop_index] = "FRCI_tiles";

$inputfile[Sloop_index]="FRCI 12 TiAl_5inputs.in";

$score [Sloop_index] =i ;

)
}
elsif ($bodyside eq "leeward") {

if (($maxradeqtemp <= 1644.111) and ($maxradeqtemp > 921.889)) {

Smaterial[Sloop_index] = "FRCI tiles";

$ input f i I e [$ loop_index] =" FRCI_[2_TiAI_5 input s. in" ;

$score [Sloop_index] =3 ;

)
if (($maxradeqtemp <= 921.889) and ($maxradeqtemp > 505.222)) (

Smaterial[Sloop_index] = "AFRSl blankets";

$input file [Sloop_index] ="AFRSI TiAl_3inputs. in" ;

$score [Sloop_index] =2 ;

}
elsif (($maxradeqtemp <= 505.222) and ($maxradeqtemp > 200.0)) {

Smaterial [Sloop_index] - "FRSI_blankets" ;

$input file=" FRSI_TiAl_3inputs. in" ;

Sscore[Sloop index]=l;

)
}

}
elsif ($backfacematerial eq "GrEx") {

if ($bodyside eq "windward") {

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp > 1866.333)) {

Smaterial[Sloop index] = "RCC_tiles";

$input file [Sloop_index] =. RCC_GrEx_5inputs. in" ;

$score [Sloop_index] --3 ;

}
elsif (($maxradeqtemp <- 1866.333) and ($maxradeqtemp > 1644.111)) {

Smaterial [Sloop_index] = "LI2200_tiles";

$input file [Sloop_index] =,,LI_2200_GrEx_5inputs. in" ;
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$score[$1oop_index]=2;

)
elsif (($maxradeqtemp <= 1644.111) and ($maxradeqtemp > 200.0)) {

Smaterial[$1oop_index] = "FRCI_tiles";

$inputfile[$1oop_index]=.FRCI 12 GrEx_5inputs.in";

$score [Sloop_index] =i ;

)
)
elsif ($bodyside eq "leeward") {

if (($maxradeqtemp <= 1644.111) and ($maxradeqtemp > 921.889)) {

Smaterial[$1oop_index] = "FRCI_tiles";

$inputfile[$1oop_index]="FRCI 12 GrEx_5inputs.in";

$score[$1oop_index]=3;

}
if (($maxradeqtemp <= 921.889) and ($maxradeqtemp > 505.222) {

$material[$1oop_index] = "AFP.SI_blankets";

$inputfile[$1oop_index]="AFRSI_GrEx 3inputs.in";

$score[$1oop_index]=2;

}
elsif (($maxradeqtemp <= 505.222) and ($maxradeqtemp > 200.0)) {

Smaterial[$1oop index] = "FRSI blankets";

$inputfile="FRSI_GrEx_3inputs.in";

$score[$1oop_index]=l;

}
)

# logic check to prevent patchwork of materials on RLV

...........................................................

$RCC_count = 0;

$SIC_count = 0;

$AETBl2_count = 0;

$AETBS_count = 0;

$LI900 count = 0;

$LI220Lcount=0;

$FRCI_count=0;

$CFBI_count = 0;

$AFRSI2500_count = 0;

$AFRSI2200_count = 0;

$AFRSI_count = 0;

$PBI_count = 0;

$FRSI_count = 0;

$DURAFRSI_count=0;

$k=0;

for ($k = 3; $k <= Send; $k++) {

if ( ($material [$k] eq $material [$k-2]) && ($material[$k] ne $material [$k-l])

&& ($score [$k] > $score[$k-l])) {

$material[$k-l] = $material[$k] ;

$inputfile [$k-1] =$inputfile [$k] ;

)
elsif ( ($material [$k] eq $material [$k-2]) && ($material [$k] ne $material [$k-

I] ) && ($score [$k] < $score[$k-l])) {

$material [$k-2] = $material [$k-l] ;

$inputfile[$k-2]=$inputfile[$k-l] ;

$material [Ski = $material [$k-l] ;

125



$inputfile[$k]=$inputfile[$k-l] ;

)
..............................................................................

# A counter is placed on each one of the materials chosen. This allows for the

# tps area to body area ratio to be calculated.

..............................................................................

}
Sk=0;

for ($k = I; $k <= Send; Sk++) {

if ($material [Ski eq "RCC_tiles") {

$RCC_count = SRCC_count + 1 ;

)
elsif ($material[$k] eq "SiC_tiles") {

$S IC_count=$S I C_count + 1 ;

}
elsif ($material[$k] eq "AETBl2_tiles") {

SAETB 12_count = $AETBI 2_count + 1 ;

)
elsif ($material[$k] eq "AETB8_tiles") {

$AETB 8_count = SAETBS_count + 1 ;

}
elsif ($material[$k] eq "LI900_tiles") {

$LI 900_count = $L 1900_count ÷ 1 ;

)
elsif ($material[$k] eq "LI2200_tiles") {

$LI2200_count=$LI2200_count+ 1 ;

}
elsif ($material[$k] eq "FRCI_tiles") {

$FRCI_count = $FRCI_count + 1 ;

)
elsif ($material[$k] eq "CFBI_blankets") {

$CFBI_count =$CFBI_count + 1 ;

)
elsif ($material[$k] eq "AFRSI2500_blankets") {

$AFRSI2500_count=$AFRSI2500 count+l;

}
elsif ($material [$k] eq .AFRSI2200_blankets") {

$AFRS 12200_count =$AFRS 12200_count +i ;

)
elsif ($material[$k] eq "AFRSI_blankets") (

$AFRS I_count = SAFRS I_count ÷ 1 ;

}
elsif ($material[$k] eq .DURAFRSI_blankets") {

$ DURAFRS I_count = $ DURAFRS I_count + 1 ;

)
elsif ($material[$k] eq "PBI_blankets") {

SPBI_count = SPBI_count + 1 ;

)
elsif ($material[$k] eq "FRSI_blankets") {

$FRSI count=$FRSI_count+l;

)
)

# conduct heating analysis

..................................................

open(FINALOUTPUT,">thickness.txt") ;

print FINALOUTPUT "TPS design results for Sbodyside analysis for Sfilename \n";
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for ($1oop_index=$start; Sloop_index <= Send; Sloop_index++) {

system ( "touch /home/asdll/kcowart/public_html/miniver. in" ) ;

system("cp /home/asdll/kcowart/public_html/$name[$1oop index]

/home/asdll/kcowart/public_html/miniver.in>> errorl 2>&l") ;

system ("touch inputs, in") ;

system("cp $inputfile[Sloop_index] inputs, in >> error2 2>&l") ;

system("touch material_density") ;

system("chmod 777 material_density,') ;

if ($material[$1oop_index] eq "RCC tiles") {

system ("/home/asdll/kcowart/pub[ic_html/go2. exe>junkoutput" ) ;

TCAT

}
elsif ($material[$1oop_index] eq "SIC tiles") {

system ("/home/asdll/kcowart/publicShtml/go2. exe>junkoutput" ) ;

TCAT

}
else {

# run

# run

system("/home/asdll/kcowart/public_html/go.exe>junkoutput") ;# run TCAT

# system("touch $name[$1oop_index]_temphist") ;

# system("chmod 777 $name[$1oop_index]_temphist") ;

system("mv fort.90 $name[Sloop_index]_temphist") ;

# system ( "touch Sname[$1oop_index]_heatratehist") ;

# system("chmod 777 $name[$1oop_index]_heatratehist") ;

system("mv fort.91 $name [Sloop index]_heatratehist") ;

open(TCATOUTPUT,"<fort.12") ; # obtain thickness of current TPS material

$ =<TCATOUTPUT>;

F\s* (\s*)l;

$thickness[$1oop_index]=$1;

close(TCATOUTPUT);

open(DEN,"<material_density"); # obtain the density of current TPS material

$ =<DEN>;

l_\s*(\s*)/;
$tps_density[$1oop_index]=$1;

close(DEN);

# .........................................................

# print the output to file thickness.txt

# .........................................................

printf FINALOUTPUT "%8s - %15s - TPS thickness = %8.2f

inches\n",$name[$1oop_index],$material[$1oop index],$thickness[$1oop_index]*(100

./2.54);

}
close(TEMP) ;

# ........................................................................

# calculate the unit weight and average thickness

# ........................................................................

$avg_thickness=0.0;

for ($1oop_index=$start; Sloop_index <= Send; Sloop_index++)

Savg_thickness=$avg_thickness+$thickness[$1oop_index];

}
$avg_thickness=$avg_thickness/$end;
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$avg_thickness=$avg_thickness*(100./2.54);

$unit_weights=0.;

for ($1oop_indexE$start; Sloop index <= Send; Sloop_index++) {

Sunit_weight.$unit_weight+$tps_density[$1oop_index]*$thickness[$1oop_index];

)
Sunit_weight-($unit_weight/0.4536)/(3.2808**2);

Sunit_weight=$unit_weight/$end;

$avg_unit_weight=$unit_weight/$end;

printf FINALOUTPUT "\n";

printf FINALOUTPUT "Average TPS thickness = %8.2f inches\n",$avg_thickness;

printf FINALOUTPUT "Smeared TPS unit_weight = %8.2f ibm/ftA2\n",$unit weight;

# calculate the area percentages for each of the TPS materials used

........................................................................

if ($tps_family eq "all") {

if ($bodyside eq "windward") {

SRCC ratio=$RCC_count/$end*$tileratio;

$SIC_ratio=$SIC_count/$end*$tileratio;

$AETBI2_ratio=$AETBI2 count/$end*$tileratio;

SAETBS_ratio=$AETBS_c_unt/$end*$tileratio;

$LIg00_ratio=$LI900_count/$end*$tileratio;

}
elsif ($bodyside eq "leeward") {

$CFBI_ratio=$CFBI_count/$end*$blanketratio;

SAFRSI2500_ratio=$AFRSI2500_count/$end*$blanketratio;

SAFRSI2200_ratio=$AFRSI2200 count/$end*$blanketratio;

$DURAFRSI_ratio=$DURAFRSI_count/$end*$blanketratio;

SAFRSI_ratio=$AFRSI_count/$end*$blanketratio;

SPBi_ratio=$PBI_count/$end*$blanketratio;

$FRSI_ratio=$FRSI_count/$end*$blanketratio;

}
}
elsif ($tps_family eq "nextgen") {

if ($bodyside eq "windward") {

SRCC_ratio=$RCC_count/$end*$tileratio;

$SIC_ratio=$SIC count/$end*$tileratio;

$LIg00_ratio=$LI900_count/$end*$tileratio;

}
elsif ($bodyside eq "leeward") {

$CFBI_ratio.$CFBI_count/$end*$blanketratio;

SAFRSI2500_ratio=$AFRSI2500_count/$end*$blanketratio;

SAFRSI2200_ratio=$AFRSI2200_count/$end*$blanketratio;

SDURAFRSIratio=$DURAFRSI_count/$end*$blanketratio;

}
}
elsif ($tps_family eq ,,shuttle") {

if ($bodyside eq ,,windward") {

$RCC_ratio=$RCC_count/$end*$tileratio;

SLI2200_ratio=$LI2200_count/$end*$tileratio;

SFRCI_ratio=$FRCI_count/$end*$tileratio;

}
elsif ($bodyside eq "leeward") (

SFRCI_ratio=$FRCI_count/$end*$blanketratio;

SAFRSI_ratio=$AFRSI_count/$end*$blanketratio;

SFRSI_ratio=$FRSI_count/$end*$blanketratio;
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}
}
SRCC_unitweight=0;

$SIC_unitweight=0;

$AETBl2_unitweight=0;

$AETB8_unitweight=0;

SLIg00_unitweight=0;

$LI2200_unitweight=0;

$FRCI_unitweight=0;

$CFBI_unitweight=0;

$AFRSI2500_unitweight=0;

$AFRSI2200_unitweight=0;

$AFRSI_unitweight=0;

$DURAFRSI_unitweight=0;

$PBI unitweight=0;

SFRSI_unitweight=0;

$k=0;

for ($k = I; $k <= Send;

if ($material[$k] eq

$k++) {

"RCC_tiles") {

$RCC_unitweight=$RCC_unitweight + ($tps_density [Ski * ($thickness [$k] / (0. 00254+$thic

kness [$k] ) )+(0.00254/(0.00254+$thickness [$k] ))*1577.8347)*(0.00254+$thickness[$k

] )/$RCC_count ;

}
elsif ($material[$k] eq "SiC_tiles") {

$SIC_unitweight=$SIC_unitweight+ ($tps_density [$k] * ($thickness [$k] / (0. 00254+$thic

kness [$k] ))+(0.00254/(0.00254+$thickness[$k]) )'2400.00)* {0.00254+$thickness [Ski )

/$SIC_count ;

}
elsif ($material[$k] eq "AETBl2_tiles") {

$AETB_2-unitweight=$AETB_2-unitweight+$tps-density[$k]*$thickness[$k]/$AETB_2-c_

unt;

}
elsif ($material[$k] eq "AETB8_tiles") {

SAETBS_unitweight=$AETB8 unitweight+$tps_density[$k]*$thickness[$k]/$AETB8_count

)
elsif ($material[$k] eq "LI900_tiles") {

$LI9__-unitweight=$LI9__-unitweight+$tps-density[$k]_$thickness[$k]/$LI9__-c_unt

)
elsif ($material[$k] eq "LI2200_tiles") {

$LI22__-unitweight=$LI22__-unitweight+$tps-density[$k]*$thickness[$k]/$LI22__-c_

unt;

)
elsif ($material[$k] eq "FRCI_tiles") {

$FRCI_unitweight=$FRCI_unitweight+$tps_density[$k]*$thickness[$k]/$FRCI_count;

)
elsif ($material[$k] eq "CFBI_blankets") {

$CFBI_unitweight=$CFBI_unitweight+$tps density[$k]*$thickness[$k]/$CFBI_count;

)
elsif ($material[$k] eq "AFRSI2500_blankets") {
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$AFR_I25__-unitweight=$AFR_I25__-unitweight+$tps-density[$k]*$thickness[$k]/AFR_

I2500 count;

)
elsif ($material[$k] eq "AFRSI2200_blankets") {

$AFR_I22__-unitweight_$AFRSI22__-unitweight+$tps-density[$k]*$thickness[$k]/$AFR

SI2200 count;

}
elsif ($material[$k] eq "AFRSI_blankets") {

$AFRSI-unitweight=$AFR_I-unitweight+$tps-density[$k]*$thickness[$k]/$AFRsI-c_unt

)
elsif ($material[$k] eq "DURAFRSI_blankets") {

SDURAFRSI_unitweight=SDURAFRSI_unitweight+$tps_density [$k] *$thickness [$k]/$DURAF

RSI count ;

T
elsif ($material[$k] eq "PBI_blankets") {

$PBi_unitweight=$PBI_unitweight+$tps_density[$k]*$thickness[$k]/$PBI_count;

)
elsif ($material[$k] eq "FRSI_blankets") {

$FRSI_unitweight=$FRSI_unitweight÷$tps_density [Ski *$thickness [$k]/$FRSI_count ;

)
}

if (($sharp eq "yes") && ($bodyside eq "windward")) {

Ssharp_weight=4.6e-3*$bodyarea; #SHARP weight in ibm

$rcc_unit_weight=32.83; #RCC unit weight

$rcc_area to body_area=0.0075;

Stile_unit weight=$avg_thickness*3.2808*$tps_density*(I/0.4536)*(I/3.2808)**3;

#obtain density of tps

Stile area to body_area=$bodytile;

printf FINALOUTPUT "\n";

printf FINALOUTPUT "Nose SHARP TPS: %6.2f Ibm\n",$sharp_weight;

)
if (($sharp eq "yes") && ($bodyside eq "leeward")) {

$sharp_weight=4.6e-3*$bodyarea; #SHARP weight in ibm

printf FINALOUTPUT "\n";

printf FINALOUTPUT "Nose SHARP TPS: %6.2f ibm\n",$sharp_weight;

)

if ($RCC_count > 0) {

printf FINALOUTPUT "RCC unit weight: %6.2f ibm/ft2\n",

$RCC_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "RCC TPS Area to Body Area Ratio: %6.4f\n", SRCC ratio;

)
if ($SIC_count > 0) {

printf FINALOUTPUT "SIC unit weight: %6.2f Ibm/ft2\n",

$SIC unitweight/(0.4536*3.2808**2);

p_intf FINALOUTPUT "SIC TPS Area to Body Area Ratio: %6.4f\n", $SIC_ratio;

)
if ($AETBl2_count • 0) {

printf FINALOUTPUT "AETBI2 unit weight: %6.2f ibm/ft2\n",

$AETB12_unitweight/(0.4536*3.2808**2);
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printf FINALOUTPUT "AETBI2 TPS Area to Body Area Ratio: %6.4f\n",

SAETBl2_ratio;

}
if ($AETB8_count > 0) {

printf FINALOUTPUT "AETB8 unit weight: %6.2f Ibm/ft2\n",

$AETBS_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "AETB8 TPS Area to Body Area Ratio: %6.4f\n",

$AETBS_ratio;

)
if ($LI900_count > 0) {

printf FINALOUTPUT "LI900 unit weight: %6.2f ibm/ft2\n",

$LIg00_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "LI900 TPS Area to Body Area Ratio: %6.4f\n",

$LIg00_ratio;

}
if ($LI2200_count > 0) {

printf FINALOUTPUT "LI2200 unit weight: %6.2f ibm/ft2\n",

$LI2200_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "LI2200 TPS Area to Body Area Ratio: %6.4f\n",

$LI2200_ratio;

}
if ($FRCI_count > 0) {

printf FINALOUTPUT "FRCI unit weight: %6.2f Ibm/ft2\n",

$FRCI_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "FRCI TPS Area to Body Area Ratio: %6.4f\n", $FRCI_ratio;

}
if ($CFBI_count • 0) {

printf FINALOUTPUT "CFBI unit weight: %6.2f ibm/ft2\n",

$CFBI_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "CFBI TPS Area to Body Area Ratio: %6.4f\n", $CFBI_ratio;

}
if ($AFRSI2500_count > 0) {

printf FINALOUTPUT "AFRSI2500 unit weight: %6.2f ibm/ft2\n",

$AFRSI2500_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "AFRSI2500 TPS Area to Body Area Ratio: %6.4f\n",

SAFRSI2500_ratio;

}
if ($AFRSI2200_count > 0) {

printf FINALOUTPUT "AFRSI2200 unit weight: %6.2f ibm/ft2\n",

$AFRSI2200_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "AFRSI2200 TPS Area to Body Area Ratio: %6.4f\n",

$AFRSI2200_ratio;

}
if ($AFRSI_count > 0) {

printf FINALOUTPUT "AFRSI unit weight: %6.2f ibm/ft2\n",

SAFRSI_unitweight/(0.4536*3.2808**2) ;

printf FINALOUTPUT "AFRSI TPS Area to Body Area Ratio: %6.4f\n",

$AFRSI_ratio;

}
if ($DURAFRSI_count > 0) {

printf FINALOUTPUT "DURAFRSI unit weight: %6.2f Ibm/ft2\n",

$DURAFRSI_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "DURAFRSI TPS Area to Body Area Ratio: %6.4f\n",

$DURAFRSI_ratio;

}
if ($PBI_count • 0) {

printf FINALOUTPUT "PBI unit weight: %6.2f Ibm/ft2\n",

$PBI_unitweight/(0.4536*3.2808**2) ;

printf FINALOUTPUT "PBI TPS Area to Body Area Ratio: %6.4f\n", $PBI_ratio;

}
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if ($FRSI_count > 0) {

printf FINALOLrfPUT "FRSI unit weight: %6.2f Ibm/ft2\n",

SFRSI unitweight/(0.4536*3.2808**2);

pr[ntf FIN;tLOUTPUT "FRSI TPS Area to Body Area Ratio: %6.4f\n", SFRSI_ratio;

}

close (FINALOUTPUT) ;

# ...................................................................

# print desired output to webpage

# ...................................................................

open(OUT,"<thickness.txt") ; #opens the input file for TCAT script

open(WEB,"<tcat_output.html") ; #open tcat html file

print "Content-type :text/html\n\n" ;

while (<WEB>) {

if(/Insert stuff here/){

print "<BR>\n";

while (<OUT>) {

print "<BR>\n";

print $_;

}
}
else{

print $_;

}
}
close (WEB) ;

close (OUT) ;
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#J/usr/sbin/perl

# ......................................................

# Obtain Information From Web Browser

# ......................................................

#

# This section of code allows a cgi script to run from a web browser.

# The information is passed using the POST and the input information is

# parceled out in a mesh type variable and stores in $FORM{$name}.

#

read(STDIN, Sbuffer, $ENV{'CONTENT_LENGTH,});

@pairs = split(/&/, Sbuffer);

foreach $pair (@pairs)

{
($name, $value) = split(/=/, $pair);

Svalue =~ tr/+/ /;

$value =~ s/%([a-fA-F0-9] [a-fA-F0-9])/pack("C", hex($1))/eg;

$value =~ s/-!/ -!/g;

$FORM{$name} = $value;

}

# ..............................................................

# assign information from input website to appropriate variable

# ..............................................................

$cowlarea=$FORM{'cowlarea'};

$tileratio=$FORM{'tileratio'};

$blanketratio=$FORM{'blanketratio'};

$cowllength=$FORM{'cowllength'};

$bodyside=$FORM{'side'};

$backfacematerial=$FORM{'backface'};

$sharp=$FORM{'sharp'};

$tps_family=$FORM{'tpsfamily'};

$filename=$FORM{'filename'};

# ...........................................................................

# create the body point files

# ...........................................................................

$i=0;

$filecount=0;

open(FILE,"<$filename");

until(eof FILE) {

reached

START: $_=<FILE>;

if C/_.{73}C\s.)/) {
$title=$1;

$filecount=$filecount+l;

} # end of if statement

#initialization of counter index "i"

#open statement with filehandle FILE

#goes through the MINVER file until the end is

#skips the first line of the data file

#searches for the bodypoint label

while(<FILE>)

the file

$i=$i+I;

#while loop that reads thru each line of

/A\s* (ks*)\s*(ks*)ks* (\s*)ks* (\s*)ks* (ks*)\s* (\s*)ks* (\s*)\s*(ks')ks* (ks*)ks* Cks
*)\s* (\s*)ks*(ks*)ks* (ks*)/;

$time[$i]=$1; #array declaration for time
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$tradeq[$i]=$9; #array declaration for rad eq temp

$qconv[$i]=$10; #array declaration for conv heat rate

$n=$i;

if ($1==-100) {

open(NEWFILE,">point$title"); #open statement for new file .,newsample"

Stimesteps-$n-l;

printf NEWFILE "$timesteps \n";#formatted print statement"

for($i=l; $i<$n; $i++) {

printf NEWFILE "%f \n" , $time [$i] ;

printf NEWFILE "%f \n", Sqconv [$i] ;

printf NEWFILE "%f \n",$tradeq[$i] ;

) #end of for loop

close(NEWFILE);

$i=0;

goto START

#end of if statement

} #end of while loop

} #end of until loop

close(FILE);

# ...........................................................................

# loop trough the body point files and determine the materials for each

# body point

# ...........................................................................

$start=l; #start of the file index

Send=($filecount-l)/2; #end of the file index

#Send=l;

open(FILE,.>inputs_for_outputs") ;

printf FILE "$bodyside\n";

printf FILE ..$filename\n";

printf FILE "Send\n";

close(FILE);

# ...........................................

# determine the TPS based on the Rad Eq Temp

# ...........................................

for ($1oop index=$start; Sloop_index <= Send; Sloop_index++) {

if ($bodyside eq "leeward") {

$name[Sloop_index]="pointl$1oop_index"; # stores the bodypoint filename

)
if ($bodyside eq ,'windward") {

$name[$1oop_index]="pointw$1oop_index"; # stores the bodypoint filename

}

# .....................................................

# read inforamtion from body point files

# .....................................................

$maxradeqtemp = 0.0;

open (FILE,"< $name[Sloop_index]") ;

Sk = readline(*FILE) ;

chop ($k) ;

for ($index = I; $index <= $k; $index++) {

$time [$index] = readline(*FILE) ;

chop ($time [$index] ) ;
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$qconv[$index] = readline(*FILE) ;

chop ($qconv [$index] ) ;

$tradeq[$index] = readline(*FILE) ;

chop ($tradeq [$index] ) ;

)
close (FILE) ;

# dynamically allowcate files for Radiation Equilibrium Temp for each body point

..............................................................................

open(FILE,"> $name[$1oop_index]_radeqtemp");

for ($index=l; $index <= $k; $index++) {

printf FILE "%10.2f %10.2f\n",$time[$index],$tradeq[$index] ;

}
close(FILE);

# find the maximum value of the rastemperature

....................................................

$i = 0;

Smaxradeqtemp=$tradeq[l] ;

for($i = 2; $i <= $n; $i++) {

if ($tradeq[$i] > $maxradeqtemp) {

$maxradeqtemp=$tradeq [$i] ;

}
)

# make material selection based on backface material, side of vehicle, and

# rad eq temp, and conduct heating analysis at each body point

..........................................................................

if ($tps_family eq "all") {

if ($backfacematerial eq "TiAI") {

if ($bodyside eq "windward',) {

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp > 1866.333)) {

$material[$1oop_index] = "RCC_tiles";

$inputfile[$1oop index]="RCC_TiAl_5inputs.in";

$score[$1oop_index]=5;

)
elsif (($maxradeqtemp <= 1866.333) and ($maxradeqtemp > 1699.667)) {

$material[$1oop_index] = "SIC tiles";

$inputfile[$1oop_index]="SIC_TiAl_5inputs.in";

Sscore[$1oop_index]=4;

)
elsif (($maxradeqtemp <= 1699.667) and ($maxradeqtemp > 1644.111)) {

Smaterial[$1oop index] = "AETBl2_tiles";

$inputfile[Sloop_index]="AETB 12 TiAl_5inputs.in";

Sscore [Sloop_index] =3 ;

)
elsif (($maxradeqtemp <= 1644.111) and ($maxradeqtemp > 1588.556)) {

Smaterial[$1oop_index] = "AETB8_tiles";

$inputfile[$1oop_index]="AETB 8 TiAl_5inputs.in";

Sscore[$1oop index]=2;

}
elsif (($maxradeqtemp <= 1588.556) and ($maxradeqtemp > 0.0)) {
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Smaterial[Sloop_index] = "LI900_tiles";

$inputfile [Sloop_index] ="LI_900_TiAl_5inputs. in" ;

$score [Sloop_index] =i ;

)
)
elsif ($bodyside eq "leeward") {

if(($maxradeqtemp <= 1477.444) and ($maxradeqtemp • 1366.333)) {

Smaterial [Sloop_index] = "CFBI blankets";

$input file [Sloop_index] z"CFBI__TiAl_3inputs, in" ;

$score [Sloop_index] =7 ;

}
elsif ($maxradeqtemp <= 1366.333) and ($maxradeqtemp > 1310.778)) {

Smaterial[Sloop_index] z "AFRSI2500 blankets";

$inputfile [Sloop_index] --"AFRSI2500_TiAl_3inputs. in" ;

$score [Sloop_index] =6 ;

)
elsif ($maxradeqtemp <= 1310.778) and ($maxradeqtemp • 1255.222)) {

Smaterial[Sloop_index] = "AFRSI2200_blankets";

$inputfile[Sloop index]="AFRSI2200_TiAl_3inputs.in,,;

$score [Sloop_index] =5 ;

}
elsif ($maxradeqtemp <= 1255.222) and ($maxradeqtemp > 921.889)) {

Smaterial [Sloop_index] = "DURAFRSI blankets";

$inputfile [Sloop_index] ="DURAFRSI_TiAI_3inputs. in" ;

$score [Sloop_index] =4 ;

}
elsif ($maxradeqtemp <= 921.889) and ($maxradeqtemp • 699.667)) {

$material [Sloop index] -- "AFRSI blankets";

$inputfile [Sloop_index] ="AFRSI_TiAl_3inputs. in" ;

$score [Sloop_index] =3 ;

}
elsif ($maxradeqtemp <-- 699.667) and ($maxradeqtemp > 505.222)) {

Smaterial [Sloop_index] - "PBI blankets";

$inputfile [Sloop_index] =" PBISiAl_3inputs. in" ;

$score [Sloop_index] =2 ;

}
elsif ($maxradeqtemp <= 505.222) and ($maxradeqtemp > 0.0)) {

Smaterial[Sloop index] = "FRSI_blankets" ;

$ input f i le=" FRS I_TiAI_3 inputs, in" ;

$score [Sloop_index] =i ;

}
)

)
elsif ($backfacematerial eq "GrEx") {

if ($bodyside eq "windward") (

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp • 1866.333)) {

$material [Sloop_index] , "RCC_tiles";

$inputfile [Sloop_index] ="RCC_GrEx_5inputs. in" ;

$score [Sloop_index] =5 ;

)
elsif (($maxradeqtemp <= 1866.333) and ($maxradeqtemp • 1699.667)) {

Smaterial[Sloop_index] - "SiC_tiles";

$inputfile[Sloop_index]=',SIC GrEx_5inputs.in ";

$score [Sloop_index] =4 ;

}
elsif (($maxradeqtemp <= 1699.667) and ($maxradeqtemp • 1644.111)) {

Smaterial [Sloop_index] = "AETBI2 tiles";

$inputfile[Sloop_index]=,,AETB 12 GrEx 5inputs.in,,;

Sscore [Sloop_index] =3 ;

}

136



elsif (($maxradeqtemp <= 1644.111) and ($maxradeqtemp > 1588.556)) {

Smaterial[Sloop_index] = "AETB8_tiles";

$inputfile[$1oop index]=" AETB_8 GrEx_5inputs.in ";

$score [Sloop_index] =2 ;

}
elsif (($maxradeqtemp <= 1588.556) and ($maxradeqtemp > 0.0)) {

$material[$1oop_index] = "LI900_tiles";

$inputfile[$1oop_index]="LI_900_GrEx_5inputs.in";

$score[$1oop_index]=l;

}
}
elsif ($bodyside eq "leeward") {

if(($maxradeqtemp <= 1477.444) and ($maxradeqtemp • 1366.333)) {

Smaterial[$1oop_index] = "CFBI_blankets";

$inputfile[$1oop_index]="CFBI_GrEx_3inputs.in";

$score[$1oop_index]=7;

}
elsif ($maxradeqtemp <= 1366.333) and ($maxradeqtemp • 1310.778)) {

$material[$1oop_index] = "AFRSI2500_blankets";

$inputfile[$1oop index]="AFRSI2500_GrEx_3inputs.in";

$score[$1oop_index]=6;

}
elsif ($maxradeqtemp <= 1310.778) and ($maxradeqtemp • 1255.222)) {

$material[$1oop_index] = "AFRSI2200_blankets";

$inputfile[$1oop_index]="AFRSI2200 GrEx_3inputs.in";

Sscore[$1oop_index]=5;

)
elsif ($maxradeqtemp <= 1255.222) and ($maxradeqtemp • 921.889)) {

Smaterial[$1oop_index] = "DURAFRSI_blankets";

$inputfile[$1oop_index]="DURAFRSI_GrEx_3inputs.in";

Sscore[$1oop_index]=4;

}
elsif ($maxradeqtemp <= 921.889) and ($maxradeqtemp • 699.667)) (

$material[$1oop_index] = "AFRSI_blankets";

$inputfile[$1oop_index]="AFRSI_GrEx_3inputs.in";

$score[$1oop_index]=3;

}
elsif ($maxradeqtemp <= 699.667) and ($maxradeqtemp > 505.222)) {

$material[$1oop_index] = "PBI blankets";

$inputfile[$1oop_index]="PBI_GrEx_3inputs.in";

$score[$1oop_index]=2;

}
elsif ($maxradeqtemp <= 505.222) and ($maxradeqtemp • 0.0)) {

$material[$1oop_index] = "FRSI_blankets";

$inputfile[$1oop_index]="FRSI_GrEx_3inputs.in";

$score[$1oop_index]=l;

}
}

}
}
elsif ($tps_family eq "nextgen") (

if ($backfacematerial eq "TiAI") {

if ($bodyside eq "windward") {

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp • 1866.333)) {

Smaterial[Sloop_index] = "RCC tiles";

$inputfile [Sloop_index] ="RCC_TiAl_5inputs. in" ;

$score [Sloop_index] =3 ;

)
elsif (($maxradeqtemp <= 1866.333) and ($maxradeqtemp • 1588.556)) {

$material [Sloop_index] = "SiC_tiles";
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$inputfile[$1oop_index]="SIC_TiAl_5inputs.in";

$score[$1oop_index]=2;

}
elsif (($maxradeqtemp <= 1588.556) and ($maxradeqtemp • 200.00)) {

Smaterial[$1oop_index] = "LI900_tiles";

$inputfile[$1oop_index]="LI_900_TiAl_5inputs.in";

$score [Sloop_index] =i ;

)
)
elsif ($bodyside eq "leeward") {

if(($maxradeqtemp <= 1477.444) and ($maxradeqtemp > 1366.333)) {

$material[$1oop_index] = "CFBI blankets";

$inputfile[$1oop_index]="CFBI_TiAl_3inputs.in";

Sscore[$1oop_index]=4;

}
elsif (($maxradeqtemp <= 1366.333) and ($maxradeqtemp • 1310.778)) {

Smaterial[$1oop_index] = "AFRSI2500 blankets";

$inputfile[$1oop_index]="AFRSI2500_TiAl_3inputs.in";

$score[$1oop index]=3;

)
elsif (($maxradeqtemp <= 1310.778) and ($maxradeqtemp • 1255.222)) {

$material[$1oop_index] = "AFRSI2200 blankets";

$inputfile[$1oop_index]="AFRSI2200_TiAl_3inputs.in";

$score[$1oop_index]=2;

)
elsif (($maxradeqtemp <= 1255.222) and ($maxradeqtemp • 200.00)) {

$material[$1oop_index] = "DURAFRSI blankets";

= DURAFRSI_TiAl_3inputs.in";$inputfile [Sloop_index] "

Sscore [Sloop_index] =I ;

}
)

)
elsif ($backfacematerial eq "GrEx") {

if ($bodyside eq "windward") {

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp • 1866.333)) {

Smaterial[$1oop_index] = "RCC_tiles";

$inputfile[$1oop index]="RCC_GrEx_5inputs.in";

$score[$1oop_index]=3;

)
elsif (($maxradeqtemp <= 1866.333) and ($maxradeqtemp > 1588.556)) {

Smaterial[Sloop_index] = "SIC tiles";

$inputfile [Sloop_index] =,SIC_GrEx_5inputs. in" ;

Sscore [Sloop_index] =2 ;

}
elsif (($maxradeqtemp <= 1588.556) and ($maxradeqtemp • 200.00)) {

Smaterial[$1oop_index] = "LIg00_tiles";

$inputfile[$1oop_index]z"LI_900_GrEx_5inputs.in";

$score[$1oop_index]=l;

)
)
elsif ($bodyside eq "leeward") {

if(($maxradeqtemp <= 1477.444) and ($maxradeqtemp > 1366.333)) {

Smaterial[$1oop_index] = "CFBI_blankets";

$inputfile[$1oop_index]="CFBI_GrEx_3inputs.in";

$score[$1oop_index]=4;

)
elsif (($maxradeqtemp <= 1366.333) and ($maxradeqtemp • 1310.778)) {

Smaterial[$1oop_index] = ,,AFRSI2500_blankets";

$inputfile[$1oop_index]="AFRSI2500_GrEx_3inputs.in";

Sscore[$1oop_index]=3;
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}
elsif (($maxradeqtemp <= 1310.778) and ($maxradeqtemp > 1255.222)) {

$material[$1oop_index] = "AFRSI2200_blankets";

$inputfile[$1oop index]="AFRSI2200_GrEx_3inputs.in";

$score[$1oop_index]=2;

}
elsif (($maxradeqtemp <= 1255.222) and ($maxradeqtemp > 200.00)) {

Smaterial[$1oop_index] = "DURAFRSI_blankets";

$inputfile[$1oop index]="DURAFRSI_GrEx_3inputs.in";

$score[$1oop_index]=l;

}

)
}
elsif ($tps_family eq "shuttle") {

if ($backfacematerial eq "TiAI") {

if ($bodyside eq "windward") {

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp > 1866.333)) {

Smaterial[$1oop_index] = "RCC tiles";

$inputfile[$1oop_index]="RCCSiAl_5inputs.in";

$score[$1oop_index]=3;

)
elsif (($maxradeqtemp <= 1866.333) and ($maxradeqtemp > 1644.111 ) {

Smaterial[$1oop_index] = "LI2200_tiles";

$inputfile[$1oop index]="LI_2200_TiAl_Sinputs.in";

$score[$1oop_index]=2;

}
elsif (($maxradeqtemp <= 1644.111) and ($maxradeqtemp > 200,0)) {

Smaterial[$1oop_index] = "FRCI tiles";

$inputfile [Sloop_index]="FRCI T2 TiAl_5inputs.in";

Sscore [Sloop_index] =i ;

}
}
elsif ($bodyside eq "leeward") {

if (($maxradeqtemp <= 1644.111) and ($maxradeqtemp > 921.889)) {

Smaterial[$1oop_index] = "FRCI tiles";

$inputfile[$1oop_index]="FRCI _2 TiAl_5inputs.in";

$score[$1oop_index]=3;

)
if (($maxradeqtemp <= 921.889) and ($maxradeqtemp > 505.222)) {

Smaterial[$1oop_index] = "AFRSI blankets";

$inputfile[$1oop_index]="AFRSI_TiAl_3inputs.in";

$score[$1oop_index]=2;

)
elsif (($maxradeqtemp <= 505.222) and ($maxradeqtemp > 200.0)) {

$material[$1oop_index] = "FRSI_blankets";

$inputfile="FRSI_TiAl_3inputs.in";

$score[$1oop_index]=l;

)
)

}
elsif ($backfacematerial eq "GrEx") {

if ($bodyside eq "windward") {

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp > 1866.333)) {

Smaterial[$1oop_index] = "RCC_tiles";

$inputfile[Sloop index]="RCC_GrEx_5inputs.in";

Sscore [Sloop_index] =3 ;

)
elsif (($maxradeqtemp <= 1866.333) and ($maxradeqtemp > 1644.111)) {

$material[$1oop_index] = "LI2200_tiles";
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$inputfile[Sloop_index]=,,LI_2200 GrEx_5inputs.in,,;

Sscore [Sloop_index] =2 ;

)
elsif (($maxradeqtemp <= 1644.111) and ($maxradeqtemp • 200.0)) {

$material[Sloop_index] = "FRCI_tiles";

$inputfile[Sloop_index]=,,FRCI 12 GrEx_5inputs.in";

Sscore [Sloop_index] =I ;

)
}
elsif ($bodyside eq "leeward") {

if (($maxradeqtemp <= 1644.111) and ($maxradeqtemp • 921.889)) {

Smaterial[Sloop_index] = "FRCI_tiles";

$inputfile[Sloop_index]=,,FRCI 12 GrEx_5inputs.in";

Sscore [Sloop_index] =3 ;

)
if (($maxradeqtemp <= 921.889) and ($maxradeqtemp • 505.222) {

Smaterial[Sloop index] = "AFRSI_blankets";

$input file [Sloop index] ="AFRSI_GrEx_3inputs. in" ;

Sscore [Sloop_index] =2;

)
elsif (($maxradeqtemp <= 505.222) and ($maxradeqtemp • 200.0)) {

Smaterial[Sloop index] -- "FRSI blankets";

$inputfile="FRSI_GrEx 3inputs._n";

Sscore [Sloop_index] --I ;

}
}

# logic check to prevent patchwork of materials on RLV

...........................................................

SRCC_count = 0;

$SIC_count = 0;

$AETBI2 count = 0;

SAETBS_count = 0;

SLI900_count = 0;

$LI2200 count=0;

$FRCI_count=0;

$CFBI_count = 0;

$AFRSI2500_count = 0;

$AFRSI2200 count = 0;

SAFRSI_count = 0;

$PBI_count = 0;

SFRSI_count = O;

$DURAFRSI_count=0;

$k=0;

for ($k -- 3; Sk <= Send; $k++) {

if (($material [$k] eq $material[$k-2]) && ($material[$k] ne $material[$k-l])

&& ($score [$k] • $score[$k-l])) {

$material[$k-l] = $material [$k] ;

$inputfile[$k-l]=$inputfile[$k] ;

}
elsif (($material [$k] eq $material [$k-2]) && ($material[$k] ne $material [$k-

I] ) && ($score [$k] < $score [$k-l])) (

$material [$k-2] = Smaterial[$k-l] ;

$inputfile[$k-2]=$inputfile[$k-l] ;
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$material [$k] = $material [$k-l] ;

$inputfile[$k]--$inputfile[$k-l] ;

}
..............................................................................

# A counter is placed on each one of the materials chosen. This allows for the

# tps area to body area ratio to be calculated.

..............................................................................

}
$k=0;

for ($k = i; $k <= Send; $k++) {

if ($material[$k] eq "RCC_tiles") {

$RCC_count=$RCC count+l;

}
elsif ($material[$k] eq "SiC_tiles") {

$S I C_count = $SIC_coun t + 1 ;

}
elsif ($material[$k] eq "AETBI2_tiles") {

$AETBI 2_count = $AETB 12 count + 1 ;

}
elsif ($material[$k] eq "AETB8_tiles") {

$AETB 8_count = $AETB 8count + 1 ;

}
elsif ($material[$k] eq "LI900_tiles") {

$LI 900_count=$LI 900_count +i ;

}
elsif $material [$k] eq "LI2200_tiles") {

$LI2200_count =$LI2200_count +i ;

}
elsif $material [$k] eq "FRCI_tiles") (

$FRCI count=$FRCI_count+l;

)
elsif $material[$k] eq "CFBI_blankets") {

$CFBI_count=$CFBI_count+l ;

)
elsif $material[$k] eq "AFRSI2500_blankets") {

$AFRS 12500_count = SAFRS 12500_count + 1 ;

}
elsif $material [$k] eq "AFRSI2200_blankets") {

$AFRS 12200_coun t = $AFRS 12200_count + 1 ;

}
elsif $material[$k] eq "AFRSI_blankets") {

$AFRS I_count = $AFRS I_c ount + 1 ;

}
elsif $material [Ski eq "DURAFRSI_blankets") {

$DURAFRS I_count = $DURA FRS I_count + 1 ;

}
elsif Smaterial [$k] eq "PBI_blankets") {

$PBI_count=$PBI count+l;

}
elsif $material [$k] eq "FRSI_blankets") {

SFRS I_count =$ FRS I_count + 1 ;

}
}

# conduct heating analysis

..................................................

open(FINALOUTPUT,">thickness.txt") ;

print FINALOUTPUT "TPS design results for Sbodyside analysis for $filename \n";
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for ($1oop_index=$start; Sloop_index <= Send; Sloop_index++) {

system ( "touch /home/asdll/kcowart/public_html/miniver. in" ) ;

system ("cp /home/asdll/kcowart/public_html/$name [Sloop_index]

/home/asdll/kcowart/public_html/miniver.in>_ errorl 2>&l") ;

system ("touch inputs.in") ;

system("cp $inputfile[$1oop_index] inputs.in >> error2 2>&l");

system("touch material_density") ;

system("chmod 777 material_density");

if ($material eq "RCC tiles") {

system("/home/asdl_/kcowart/public_html/go2.exe>junkoutput"); # run

TCAT

}
elsif ($material[$1oop__ndex] eq "SiC_tiles") {

system(,,/home/asdll/kcowart/public_html/go2.exe>junkoutput"); # run

TCAT

}
else {

system(,,/home/asdll/kcowart/public_html/go.exe>junkoutput");# run TCAT

system("mv fort.90 $name [Sloop_index]_temphist") ;

system("mv fort.91 Shame [$1oop_index]_heatratehist") ;

open (TCATOUTPUT, "<fort. 12" ) ;

$ =<TCATOUTPUT> ;

F\s* (ks*)I;
$thickness [Sloop_index] =$I ;

close (TCATOUTPUT) ;

# obtain thickness of current TPS material

open (DEN, "<material density") ;

$ =<DEN> ;

Fls* (\s*)/;
$tps_density [Sloop_index] =$i ;

close (DEN) ;

# obtain the density of current TPS material

printf FINALOUTPUT "%8s - %15s - TPS thickness = %8.2f

inches\n__'$name[$___p-index]_$materia_[$___p-index]'$thickness[$____-index]*(___

./2.54);

}
close(TEMP);

# ........................................................................

# calculate the unit weight and average thickness

........................................................................

$avg_thickness=0.0;

for ($1oop_index-$start; Sloop_index <= Send; Sloop_index++)

$avg_thickness=$avg_thickness+$thickness[$1oop_index] ;

}
$avg_thickness=$avg_thickness/$end;

Savg_thickness=$avg_thickness*(100./2.54);

$unit_weights=0.;

for ($1oop_index=$start; Sloop_index <- Send; Sloop_index++) {
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$unit weight=$unit_weight+$tps_density[$1oop_index]*$thickness[$1oop_index];

}
$unit_weight=($unit_weight/0.4536)/(3.2808.*2);

$unit_weight=$unit_weight/$end;

$avg_unit_weight=$unit_weight/$end;

printf FINALOUTPUT "\n";

printf FINALOUTPUT "Average TPS thickness = %8.2f inches\n",$avg_thickness;

printf FINALOUTPUT "Smeared TPS unit_weight = %8.2f ibm/ftA2\n",$unit_weight;

........................................................................

# calculate the area percentages for each of the TPS materials used

........................................................................

if ($tps_family eq "all") {

if ($bodyside eq "windward") {

$RCC_ratio=$RCC_count/$end*$tileratio;

$SIC_ratio=$SIC_count/$end*$tileratio;

$AETBl2_ratio=$AETB!2_count/$end*$tileratio;

SAETB8 ratio=$AETBS_count/$end*$tileratio;

$LIg00_ratio=$LIg00_count/$end*$tileratio;

)
elsif ($bodyside eq "leeward") {

$CFBI_ratio=$CFBI count/$end*$blanketratio;

$AFRSI2500_ratio=$AFRSI2500_count/$end*$blanketratio;

$AFRSI2200 ratio=$AFRSI2200_count/$end*$blanketratio;

$DURAFRSI_ratio=$DURAFRSI_count/$end*$blanketratio;

$AFRSI_ratio=$AFRSI_count/$end*$blanketratio;

$PBI_ratio=$PBI_ccunt/$end*$blanketratio;

$FRSI_ratio=$FRSI_count/$end*$blanketratio;

}
)
elsif ($tps_family eq "nextgen") {

if ($bodyside eq "win/ward") {

$RCC_ratio=$RCC_eount/$end*$tileratio;

$SIC_ratio=$SIC_count/$end*$tileratio;

$LI900 ratio=$LIgOO_count/$end*$tileratio;

}
elsif ($bodyside eq "leeward") {

$CFBI_ratio=$CFBI_count/$end*$blanketratio;

$AFRSI2500_ratio=$AFRSI2500_count/$end*$blanketratio;

SAFRSI2200_ratio=$AFRSI2200_count/$end*$blanketratio;

$DURAFRSI_ratio=$DURAFRSI_count/$end*$blanketratio;

)
)
elsif ($tps_family eq "shuttle") {

if ($bodyside eq "windward") {

SRCC_ratio=$RCC_count/$end*$tileratio;

SLI2200_ratio=$LI2200_count/$end*$tileratio;

$FRCI_ratio=$FRCI_count/$end*$tileratio;

)
elsif ($bodyside eq "leeward") {

SFRCI ratio=$FRCI_count/$end*$blanketratio;

SAFRSI_ratio=$AFRSI_count/$end*$blanketratio;

SFRSI_ratio=$FRSI_ceunt/$end*$blanketratio;

}
}
$RCC_unitweight=0;

$SIC_unitweight=0;
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$AETBl2_unitweight=0;

SAETB8_unitweight=0;

SLI900_unitweight=0;

SLI2200_unitweight=0;

$FRCI unitweight=0;

$CFBI unitweight=O;

SAFRSI2500 unitweight=0;

SAFRSI2200 unitweight=0;

SAFRSI_unitweight-0;

SDURAFRSI_unitweight=0;

SPBI_unitweightz0;

SFRSI unitweight=0;

Sk=0;

for ($k = i; Sk <= Send;

if ($material[$k] eq

$k++) {

"RCC_tiles") {

$RCC_unitweight=$RCC unitweight+($tps_density[$k]*$thickness[$k]+O.O0254*1577.83

47)/(0.00254+$thickness[$k])/$RCC_count;

}
elsif ($material[$k] eq "SiC_tiles") {

$SIC_unitweight=$SIC unitweight+($tps_density[$k]*$thickness[$k]+O.O0254*2400.O0

)/(O.O0254+$thickness[$k])/$SIC_count;

}
elsif ($material[$k] eq "AETBl2_tiles") {

$AETB_2-unitweight=$AETB_2-unitweight+$tps-density[$k]*$thickness[$k]/$AETB_2-c_

unt;

}
elsif ($material[$k] eq "AETB8_tiles") {

SAETBS_unitweight=$AETBS_unitweight+$tps density [Ski *$thickness [Ski / SAETBS_count

}
elsif ($material[$k] eq "LI900_tiles") {

$LIg00_unitweight=$LIg00_unitweight+$tps density [$k] *$thickness [$k]/$LIg00_count

}
elsif ($material[$k] eq "LI2200_tiles") {

$LI22__-unitweight=$LI22__-unitweight+$tps-density[$k]*$thickness[$k]/$LI22__-c_

unt;

)
elsif ($material[$k] eq "FRCI_tiles") {

SFRCI unitweight=$FRCI_unitweight+$tps_density[$k]*$thickness[$k]/$FRCI_count;

}
elsif ($material[$k] eq "CFBI_blankets") {

$CFBI_unitweight=$CFBI_unitweight+$tps_density[$k]*$thickness[$k]/$CFBI_count;

}
elsif ($material[$k] eq "AFRSI2500_blankets") {

SAFRSI2500 unitweight=$AFRSI2500_unitweight+$tps density[$k]*$thickness[$k]/AFRS

12500 count;

}
elsif ($material[$k] eq "AFRSI2200 blankets") {
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$AFR_I22__-unitweight=$AFR_I22__-unitweight+$tps-density[$k]*$thickness[$k]/$AFR

SI2200_count;

}
elsif ($material[$k] eq "AFRSI_blankets") {

$AFRSI_unitweight=$AFRSI_unitweight+$tps density [$k] *$thickness [$k] /$AFRSI_count

)
elsif ($material[$k] eq "DURAFRSI_blankets") {

$DURAFRSI_unitweight=$DURAFRSI_unitweight+$tps_density [Ski *$thickness [$k]/$DURAF

RSI count ;

T
elaif ($material[$k] eq "PBI_blankets") {

$PBI_unitweight=$PBI_unitweight+$tps_density [$k] *$thickness [$k]/$PBI_count ;

)
elsif ($material[$k] eq "FRSI_blankets") {

$FRSI_unitweight=$FRSI_unitweight+$tps_density[$k]*$thickness[$k]/$FRSI_count;

)
}

if (($sharp eq "yes") && ($bodyside eq "windward")) {

$sharp_weight=4.6e-3*$cowlarea; #SHARP weight in ibm

printf FINALOUTPUT "\n";

printf FINALOUTPUT "Cowl SHARP TPS: %6.2f ibm/ft

\n",$sharp_weight/$cowllength;

}
if (($sharp eq "yes") && ($bodyside eq "leeward")) {

$sharp_weight=4.6e-3*$cowlarea; #SHARP weight in ibm

printf FINALOUTPUT "\n";

printf FINALOUTPUT "Cowl SHARP TPS: %6.2f ibm/ft

\n",$sharp_weight/$cowllength;

)

if ($RCC_count > 0) {

printf FINALOUTPUT "RCC unit weight: %6.2f Ibm/ft2\n",

$RCC_unitweight/(0.4536*3.2808**2) ;

printf FINALOUTPUT "RCC TPS Area to Cowl Area Ratio: %6.4f\n", SRCC_ratio;

)
if ($SIC_count > 0) {

printf FINALOUTPUT "SIC unit weight: %6.2f ibm/ft2\n",

$SIC_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "SIC TPS Area to Cowl Area Ratio: %6.4fkn", $SIC_ratio;

}
if ($AETBI2_count > 0) {

printf FINALOUTPUT "AETBI2 unit weight: %6.2f ibm/ft2\n",

$AETB12_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "AETBI2 TPS Area to Cowl Area Ratio: %6.4f\n",

$AETBl2_ratio;

}
if ($AETB8_count • 0) {

printf FINALOUTPUT "AETB8 unit weight: %6.2f ibm/ft2\n",

$AETBS_unitweight/(0.4536*3.2808**2) ;

printf FINALOUTPUT "AETB8 TPS Area to Cowl Area Ratio: %6.4f\n",

$AETBS_ratio;

)
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if ($LI900_count > 0) {

printf FINALOUTPUT "LI900 unit weight: %6.2f ibm/ft2\n",

$LIg00_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "LI900 TPS Area to Cowl Area Ratio: %6.4f\n",

$LIg00_ratio;

)
if ($LI2200_count > 0) {

printf FINALOUTPUT "LI2200 unit weight: %6.2f Ibm/ft2\n",

$LI2200_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "L12200 TPS Area to Cowl Area Ratio: %6.4f\n",

SLI2200_ratio;

}
if ($FRCI_count > 0) {

printf FINALOUTPUT "FRCI unit weight: %6.2f ibm/ft2\n",

$FRCI_unitweight/(0.4536_3.2808**2) ;

printf FINALOUTPUT "FRCI TPS Area to Cowl Area Ratio: %6.4f\n", SFRCI_ratio;

}
if ($CFBI_count > 0) {

printf FINALOUTPUT "CFBI unit weight: %6.2f Ibm/ft2\n",

$CFBI_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "CFBI TPS Area to Cowl Area Ratio: %6.4f\n", $CFBI_ratio;

)
if ($AFRSI2500_count > 0) {

printf FINALOUTPUT "AFRSI2500 unit weight: %6.2f ibm/ft2\n",

$AFRSI2500_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "AFRSI2500 TPS Area to Cowl Area Ratio: %6.4f\n",

$AFRSI2500_ratio;

)
if ($AFRSI2200_count > 0) {

printf FINALOUTPUT "AFRSI2200 unit weight: %6.2f ibm/ft2\n",

$AFRSI2200_unitweight/(0.4536*3.2808**2) ;

printf FINALOUTPUT "AFRSI2200 TPS Area to Cowl Area Ratio: %6.4f\n",

SAFRSI2200_ratio;

}
if ($AFRSI_count > 0) {

printf FINALOUTPUT "AFRSI unit weight: %6.2f Ibm/ft2\n",

SAFRSI_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "AFRSI TPS Area to Cowl Area Ratio: %6.4f\n",

$AFRSI_ratio;

)
if ($DURAFRSI_count > 0) {

printf FINALOUTPUT "DURAFRSI unit weight: %6.2f Ibm/ft2\n",

$DURAFRSI_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "DURAFRSI TPS Area to Cowl Area Ratio: %6.4f\n",

SDURAFRSI_ratio;

)
if ($PBI_count > 0) {

printf FINALOUTPUT "PBI unit weight: %6.2f ibm/ft2\n",

$PBI_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "PBI TPS Area to Body Cowl Ratio: %6.4fkn", SPBI_ratio;

)
if ($FRSI_count • 0) {

printf FINALOUTPUT "FRSI unit weight: %6.2f ibm/ft2kn",

SFRSI_unitweight/(0.4536*3.2808**2) ;

printf FINALOUTPUT "FRSI TPS Area to Body Cowl Ratio: %6.4f\n", SFRSI ratio;

)

close (FINALOUTPUT) ;
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# ...................................................................

# print desired output to webpage

# ...................................................................

open(OUT,"<thickness.txt");

open(WEB,"<tcat_output.html") ; #open tcat html file

print "Content-type:text/html\n\n.;

while(<WEB>){

if(/Insert stuff here/){

print "<BR>\n";

while(<OUT>)(

print "<BR>\n";

print $_;

}
}
else{

print $_;

}
}
close(WEB);

close(OUT);

#opens the input file for TCAT script
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#!/usr/sbin/perl

# ......................................................

# Obtain Information From Web Browser

# ......................................................

#
# This section of code allows a cgi script to run from a web browser.

# The information is passed using the POST and the input information is

# parceled out in a mesh type variable and stores in $FORM{$name}.

#

read(STDIN, $buffer, $EhrV{'CONTENT_LENGTH'}) ;

@pairs = split(/&/, $buffer);

foreach Spair (@pairs)

{
(Shame, $value) = split(/=/, Spair);

$value =~ tr/+/ /;

$value =~ s/%([a-fA-F0-9] [a-fA-F0-9])/pack("C", hex($1))/eg;

Svalue =- s/-!/ -!/g;

$FORM{$name} = $value;

# ..............................................................

# assign information from input website to appropriate variable

# ..............................................................

$wingarea=$FORM{'wingarea'};

$tileratio=$FORM{'tileratio'};

$blanketratio=$FORM{'blanketratio'};

$winglength=$FORM{'winglength'};

$bodyside=$FORM{'side'};

Sbackfacematerial=$FORM{'backface'};

$sharp=$FORM{'sharp'};

$tps_family=$FORM{'tpsfamily'};

$filename=$FORM{'filename'};

# ...........................................................................

# create the body point files

# ...........................................................................

$i=0;

Sfilecount=0;

open(FILE,"<$filename");

until(eof FILE) {

reached

START: $_=<FILE>;

if (I*.{73}(\S*)/) {

$title=$1;

$filecount=$filecount+l;

} # end of if statement

while(<FILE>) {

the file

$i=$i+i;

#initialization of counter index "i"

#open statement with filehandle FILE

#goes through the MIN-VER file until the end is

#skips the first line of the data file

#searches for the bodypoint label

#while loop that reads thru each line of

/A\s* (\s*)\s* (ks*)ks*(\s*)\s* (ks*)ks* (ks*)ks* (ks*)ks" (ks*)\s* (ks*)ks* (ks*)ks* (ks
*)\s* (ks*)ks*(ks*)ks* (\s*)/;

$time[$i]=$1; #array declaration for time
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Stradeq[$i]=$9; #array declaration for rad eq temp

$qconv[$i]=$10; #array declaration for cony heat rate

$n=$i;

if ($I==-i00) {

open(NEWFILE,">point$title"); #open statement for new file "newsample"

$timesteps=$n-l;

printf NEWFILE "$timesteps \n";#formatted print statement"

for($i=l; $i<$n; $i++) {

printf NEWFILE "%f \n" ,$time [$i] ;

printf NEWFILE "%f \n",$qconv[$i] ;

printf NEWFILE .,%f \n",$tradeq[$i] ;

) #end of for loop

close(NEWFILE);

$i=0;

goto ST/LRT

#end of if statement

} #end of while loop

} #end of until loop

close(FILE);

# ...........................................................................

# loop trough the body point files and determine the materials for each

# body point

# ...........................................................................

$start=l; #start of the file index

Send=($filecount-l)/2; #end of the file index

#Send=l;

open(FILE,">inputs_for outputs.) ;

printf FILE "$bodyside\n";

printf FILE "$filename\n";

printf FILE "Send\n";

close(FILE);

# ...........................................

# determine the TPS based on the Rad Eq Temp
# ...........................................

for ($1oop_index=$start; Sloop index <= Send; Sloop_index++) {

if ($bodyside eq "leeward") {

Sname[$1oop_index]="pointl$1oop_index.; # stores the bodypoint filename

}
if ($bodyside eq "windward") {

$name[$1oop_index]="pointw$1oop_index,,; # stores the bodypoint filename

}

# .....................................................

# read inforamtion from body point files

# .....................................................

$maxradeqtemp = 0.0 ;

open (FILE,"< Sname[Sloop_index] .) ;

Sk = readline(*FILE) ;

chop ($k) ;

for ($index = I; $index <= $k; $index++) {

$time [$index] = readline(*FILE) ;

chop ($time [$index] ) ;
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$qconv[$index] = readline(*FILE) ;

chop ($qconv [$index] ) ;

Stradeq[$index] = readline(*FILE) ;

chop ($tradeq [$index] ) ;

)
close (FILE) ;

# dynamically allowcate files for Radiation Equilibrium Temp for each body point

..............................................................................

open (FILE,"> $name[Sloop_index]_radeqtemp") ;

for ($index=l; $index <= $k; $index++) {

printf FILE "%10.2f %10. 2f\n" ,$time [$index] ,$tradeq[$index] ;

}
close (FILE) ;

# find the maximum value of the rastemperature

# ....................................................

$i = 0;

$maxradeqtemp=$tradeq [1 ] ;

for($i = 2; $i <= $n; $i++) {

if ($tradeq[$i] > Smaxradeqtemp) {

$maxradeqtemp=$tradeq [$i] ;

)
}

# make material selection based on backface material, side of vehicle, and

#rad eq temp, and conduct heating analysis at each body point

..........................................................................

if ($tps_family eq "all") {

if ($backfacematerial eq "TiAI") {

if ($bodyside eq "windward") {

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp • 1866.333)) {

Smaterial[Sloop_index] = "RCC tiles";

$inputfile [$1oop_index]="RCC SiAl 5inputs.in";

$score [Sloop_index] =5;

)
elsif (($maxradeqtemp c= 1866.333) and ($maxradeqtemp • 1699.667)) {

Smaterial [Sloop_index] = "SIC tiles";

$ input f i i e [$1 oop_index] = "S I C__TiAI_5 inputs, in" ;

$score [Sloop_index] =4 ;

)
elsif (($maxradeqtemp <= 1699.667) and ($maxradeqtemp • 1644.111)) {

Smaterial [Sloop_index] = "AETBI2 tiles";

$inputfile[Sloop_index]="AETB 12 TiAI 5inputs.in";

$score [Sloop_index] =3 ;

}
elsif (($maxradeqtemp <= 1644.111) and ($maxradeqtemp • 1588.556)) {

Smaterial [$1oop index] = "AETBS_tiles";

$inputfile [Sloop_index] ="AETB_8 TiAl_5inputs. in" ;

Sscore [Sloop_index] =2 ;

)
elsif (($maxradeqtemp <= 1588.556) and ($maxradeqtemp • 0.0)) {
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Smaterial[Sloop_index] = "LIg00 tiles";

$inputfile[Sloop index] ="LI 900_--TiAl_5inputs.in,,;

Sscore [Sloop_index] =I ;

}
}
elsif ($bodyside eq "leeward,,) {

if(($maxradeqtemp <= 1477.444) and ($maxradeqtemp > 1366.333)) {

$material [Sloop_index] = "CFBI_blankets";

$input file [Sloop_index] ="CFBI_TiAl_3inputs. in" ;

$score [Sloop_index] =7 ;

}
elsif ($maxradeqtemp <= 1366.333) and ($maxradeqtemp > 1310.778)) {

$material [Sloop_index] = "AFRSI2500 blankets";

$input f i le [$1 oop_index] = "AFRS 12500_TiAI 3 inputs, in" ;

$score [Sloop_index] =6;

)
elsif ($maxradeqtemp <= 1310.778) and ($maxradeqtemp • 1255.222)) {

$material [Sloop_index] = "AFRSI2200 blankets',;

$inputfile [Sloop index] ="AFRSI2200__TiAI 3inputs.in,,;

$score [Sloop_index] =5 ;

)
elsif ($maxradeqtemp <= 1255.222) and ($maxradeqtemp • 921.889)) {

$material [Sloop index] = "DURAFRSI blankets";

$input file [Sloop_index] ="DURAFRSI_TiAI_3inputs. in" ;

$score [Sloop_index] --4 ;

)
elsif ($maxradeqtemp <= 921.889) and ($maxradeqtemp • 699.667)) {

$material [Sloop index] = "AFRSI_blankets";

$input file [Sloop_index] ="AFRSI_TiAl_3inputs. in" ;

$score [Sloop_index] =3 ;

}
elsif ($maxradeqtemp <= 699.667) and ($maxradeqtemp • 505.222)) {

Smaterial [Sloop_index] = "PBI_blankets";

$inputfile[Sloop_index]=,,PBI TiAl_3inputs.in,,;

$score [Sloop_index] =2 ;

}
elsif ($maxradeqtemp <= 505.222) and ($maxradeqtemp • 0.0)) {

$material [Sloop_index] = "FRSI blankets";

$inputfile="FRSI T iAl 3inputs.Tn,,;

$score [Sloop_index] =I ;

)
}

}
elsif ($backfacematerial eq "GrEx") {

if ($bodyside eq "windward ) {

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp • 1866.333)) {

$material [Sloop index] ,' _ "_ = RCC tiles";

$input file [Sloop_index] --"RCC_GrEx_5inputs. in" ;

Sscore [Sloop_index] =5 ;

)
elsif (($maxradeq_emp <= 1866.333) and ($maxradeqtemp • 1699.667)) {

$material [Sloop_index] -- "SiC_tiles";

$ input f i i e [$1 oop_i ndex] = "S I C_GrEx_5 input s. in" ;

$score [Sloop_index] =4 ;

)
elsif (($maxradeqtemp <= 1699.667) and ($maxradeqtemp > 1644.111)) {

Smaterial [Sloop index] = "AETBI2 tiles";

$inputfile[Sloop_index]=,,AETB 12 GrEx 5inputs.in";

$score [Sloop index] =3;

)
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elsif (($maxradeqtemp <= 1644.111) and ($maxradeqtemp > 1588.556)) {

$material [Sloop_index] = "AETB8_tiles";

$inputfile[Sloop_index]="AETB_8 GrEx_5inputs.in";

Sscore [Sloop_index] --2 ;

)
elsif (($maxradeqtemp <= 1588.556) and ($maxradeqtemp • 0.0)) {

Smaterial[Sloop_index] = "LI900_tiles";

$ input f i i e [$1 oop_index ] = "L I_900_GrEx_5 input s. in" ;

$score [Sloop_index] =i ;

}
}
elsif ($bodyside eq "leeward") {

if(($maxradeqtemp <= 1477.444) and ($maxradeqtemp > 1366.333)) {

Smaterial[Sloop_index] z "CFBI blankets";

$input f i le [$ loop_index] =" CFBI GrEx_3input s. in" ;

$score [Sloop_index] =7 ;

)
elsif ($maxradeqtemp <= 1366.333) and ($maxradeqtemp • 1310.778)) {

$material [Sloop_index] = "AFRSI2500_blankets";

$inputfile [$1oop_index]="AFRSI2500_GrEx 3inputs.in";

$score [Sloop_index] =6 ;

}
elsif ($maxradeqtemp <= 1310.778) and ($maxradeqtemp • 1255.222)) {

Smaterial[Sloop_index] = "AFRSI2200_blankets";

$inputfile[Sloop_index]="AFRSI2200 GrEx_3inputs.in";

$score [Sloop_index] =5 ;

)
elsif ($maxradeqtemp <= 1255.222) and ($maxradeqtemp • 921.889)) {

$material [Sloop_index] = "DURAFRSI_blankets";

$inputfile [$!oop_index]= "DURAFRSI_GrEx 3inputs.in ";

$score [Sloop_index] =4 ;

)
elsif ($maxradeqtemp <= 921.889) and ($maxradeqtemp > 699.667)) {

$material[Sloop_index] = "AFRSI_blankets";

$inputfile[$1oop_index]="AFRSI GrEx_3inputs.in";

$score [Sloop_index] =3 ;

)
elsif ($maxradeqtemp <= 699.667) and ($maxradeqtemp • 505.222)) {

Smaterial[Sloop_index] = "PBI_blankets";

$inputfile [Sloop_index] =" PBI_GrEx_3inputs. in" ;

$score [Sloop_index] =2 ;

}
elsif ($maxradeqtemp <= 505.222) and ($maxradeqtemp • 0.0)) {

Smaterial [$1oop_index] = "FRSI blankets ";

$inputfile [$1oop_index]="FRSI_GrEx 3inputs.in";

Sscore[Sloop index]=l;

}
}

}
}
elsif ($tps_family eq "nextgen") {

if ($backfacematerial eq "TiAI") {

wlndward")if ($bodyside eq " {

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp • 1866.333)) {

$material[$loop_index] = "RCC tiles";

$inputfile[$1oop_index]="RCC_TiAl_5inputs.in";

$score[$1oop_index]=3;

)
elsif (($maxradeqtemp <= 1866.333) and ($maxradeqtemp > 1588.556)) (

Smaterial[$1oop_index] = "SiC_tiles";
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$inputfile[$1oop_index]="SIC_TiAl_5inputs.in";

$score[$1oop_index]=2;

)
elsif (($maxradeqtemp <= 1588.556) and ($maxradeqtemp • 200.00)) {

Smaterial[$1oop_index] = "LIg00_tiles";

$inputfile[$1oop_index]="LI 900_TiAl_5inputs.in";

Sscore[$1oop_index]=l;

)
)
elsif ($bodyside eq "leeward") {

if(($maxradeqtemp <= 1477.444) and ($maxradeqtemp • 1366.333)) {

$material[$1oop_index] = "CFBI blankets";

$inputfile[$1oop_index]="CFBI_TiAl 3inputs.in";

$score[$1oop index]=4;

)
elsif {($maxradeqtemp <= 1366.333) and ($maxradeqtemp • 1310.778

$material[$1oop_index] = "AFRSI2500 blankets";

$inputfile[$1oop index]="AFRSI2500_TiAl 3inputs.in";

$score[$1oop_index]=3;

}
elsif (($maxradeqtemp <= 1310.778) and ($maxradeqtemp • 1255.222

$material[$1oop_index] = "AFRSI2200 blankets";

$inputfile[$1oop index] "_ = AFRSI2200_TiAl_3inputs.in";

$score[$1oop_index]=2;

}
elsif (($maxradeqtemp <= 1255.222) and ($maxradeqtemp • 200.00)) {

$material[$1oop_index] = "DURAFRSI blankets";

$inputfile[$1oop_index]="DURAFRSI_TiAl_3inputs.in";

$score[$1oop_index]=l;

}
)

)
elsif ($backfacematerial eq "GrEx") {

if ($bodyside eq "windward") {

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp • 1866.333)) {

$material[$1oop_index] = "RCC_tiles";

$inputfile[$1oop_index]="RCC_GrEx_5inputs.in";

$score[$1oop_index]=3;

}
elsif (($maxradeqtemp <= 1866.333) and ($maxradeqtemp > 1588.556

Smaterial[Sloop index] = "SiC_tiles";

$ input f i I e [$1 oop_i ndex ] = "S I C_GrEx_5 input s. in" ;

$score [Sloop_index] =2 ;

}

){

elsif (($maxradeqtemp <= 1588.556) and ($maxradeqtemp • 200.00)) {

Smaterial [Sloop_index] = "LI900_tiles";

$ input f i i e [$1 oop index] = "LI_900_GrEx_5 input s. in" ;

Sscore [Sloop_index] =I ;

}
)
elsif ($bodyside eq "leeward") {

if(($maxradeqtemp <= 1477.444) and ($maxradeqtemp • 1366.333)) {

$material [Sloop_index] = "CFBI_blankets";

$ input f i i e [$1 oop_index] = ',CFB I_GrEx_3 inputs, in" ;

Sscore [Sloop_index] =4 ;

}
elsif (($maxradeqtemp <= 1366.333) and ($maxradeqtemp > 1310.778)) {

Smaterial [Sloop index] = "AFRSI2500_blankets";

$inputfile [$1oop index]= "AFRSI2500_GrEx_3inputs.in'';

$score [Sloop_index] =3 ;

153



)
elsif (($maxradeqtemp <= 1310.778) and ($maxradeqtemp > 1255.222)) {

Smaterial [Sloop_index] = "AFRSI2200_blankets";

$ input f i i e [$1 oop_i ndex ] = "AFRS 12200_GrEx_3 input s. in" ;

$score [Sloop_index] =2 ;

}
elsif (($maxradeqtemp <= 1255.222) and ($maxradeqtemp • 200.00)) {

$material [Sloop_index] -- "DURAFRSI_blankets" ;

$input file [Sloop_index] ="DURAFRSI_GrEx_3input s. in" ;

$score [Sloop_index] =I ;

)
)

)
)
elsif ($tps_family eq "shuttle") {

if ($backfacematerial eq "TiAI") {

if ($bodyside eq "windward") {

if(($maxradeqtemp <= 1921.889) and ($maxradeqtemp • 1866.333)) {

Smaterial[Sloop_index] = "RCC tiles";

$input file [$ loop_index] --"RCC_TiAl_5input s. in" ;

$score [Sloop_index] =3 ;

}
elsif (($maxradeqtemp <= 1866.333) and ($maxradeqtemp • 1644.111)) {

Smaterial [Sloop_index] = "LI2200_tiles";

$input file [Sloop_index] =.LI_2200_TiAl_5inputs. in";

$score [Sloop_index] =2 ;

}
elsif (($maxradeqtemp <= 1644.111) and ($maxradeqtemp • 200.0)) {

$material [Sloop_index] = "FRCI_tiles";

$inputfile [Sleop_index]="FRCI 12 TiAl_5inputs.in";

$score[Sloop_index] =i;

}
}
elsif ($bodyside eq "leeward") {

if (($maxradeqtemp <= 1644.111) and ($maxradeqtemp > 921.889)) {

Smaterial [Sloop_index] = "FRCI tiles";

$inputfile[$1oop_index]= "FRcIJ2 TiAl_5inputs.in";

$score [Sloop_index] =3 ;

)
if (($maxradeqtemp <= 921.889) and ($maxradeqtemp • 505.222)) {

Smaterial [Sloop_index] = "AFRSI blankets";

-- AFRSI_TIAl_3inputs in" ;$inputfile[Sloop_index] " -' •

$score [Sloop index] =2;

}
elsif (($maxradeqtemp <= 505.222) and ($maxradeqtemp • 200.0)) {

Smaterial [Sloop_index] = "FRSI blankets";

$input file=" FRS I_TiAl_3inputs .in" ;

$score [Sloop_index] =I ;

}
}

}
elsif ($backfacematerial eq "GrEx") {

if ($bodyside eq "windward") {

if (($maxradeqtemp <= 1921.889) and ($maxradeqtemp • 1866.333) ) {

Smaterial [Sloop_index] = "RCC tiles";

$inputfile [Sloop index]="RCC_GrEx_5inputs.in";

$score [Sloop_index] =3 ;

}
elsif (($maxradeqtemp <= 1866.333) and ($maxradeqtemp • 1644.111)) {

Smaterial [Sloop_index] = ,'LI2200_tiles";
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$inputfile[$1oop_index]="LI_2200_GrEx_5inputs.in,,;

$score[$1oop_index]=2;

)
elsif (($maxradeqtemp <= 1644.111) and ($maxradeqtemp > 200.0)) {

$material[$1oop_index] = "FRCI_tiles";

$inputfile[$1oop_index]=,,FRCl 12 GrEx_5inputs.in,;

$score[$1oop_index]=l;

)
}
elsif ($bodyside eq "leeward',) {

if (($maxradeqtemp <= 1644.111) and ($maxradeqtemp > 921.889)) {

$material[$1oop_index] = "FRCI_tiles";

$inputfile[$1oop_index]=.FRCI 12 GrEx_Sinputs.in";

$score[$1oop_index]=3;

;
if (($maxradeqtemp <= 921.889) and ($maxradeqtemp _ 505.222)) {

$material[$1oop_index] = "AFRSI_blankets";

$inputfile[$1oop_index]="AFRSI_GrEx_3inputs.in,;

$score[$1oop_index]=2;

}
elsif (($maxradeqtemp <= 505.222) and ($maxradeqtemp > 200.0)) {

$material[$1oop_index] = "FRSI_blankets";

$inputfile="FRSI GrEx_3inputs.in";

$score[$1oop_inde_ =I;

)
)

# logic check to prevent patchwork of materials on RLV

...........................................................

$RCC_count = 0;

$SIC_count = 0;

$AETB12_count = 0;

$AETB8_count = 0;

$LI900 count = 0;

$LI220Lcount=0;

$FRCI_count=0;

$CFBI_count = 0;

$AFRSI2500 count = 0;

$AFRSI2200 count = 0;

$AFRSI_count = 0;

SPBI_count = 0;

$FRSI_count = 0;

$DURAFRSI count=0;

$k=0;

for ($k = 3; $k <= Send; $k++) {

if ( ($material [Ski eq $material [$k-2] ) && ($material [$k] ne $material [$k-l])

&& ($score [$k] > $seore [$k-l] ) ) {

$material[$k-l] = $material [Ski ;

$inputfile[$k-l]=$inputfile[$k] ;

)
elsif (($material [$k] eq $material [$k-2]) && ($material [$k] ne $material [$k-

i] ) && ($score [$k] < $score[$k-l])) {

$material [$k-2] = $material [$k-l] ;

$inputfile[$k-2] =$inputfile[$k-l] ;
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$material[$k] = $material [$k-l] ;

$inputfile[$k]=$inputfile[$k-l] ;

)
..............................................................................

# A counter is placed on each one of the materials chosen. This allows for the

# tps area to body area ratio to be calculated.

..............................................................................

}
$k=0;

for ($k _ i; $k _= Send; Sk++) {

if ($material[$k] eq "RCC_tiles") {

SRCC_count- $ RCC_c oun t + 1 ;

}
elsif ($material[$k] eq "SiC_tiles") {

$S I C_count =$S I C_count + 1 ;

}
elsif ($material[$k] eq "AETBI2 tiles") {

SAETB 12_count = $AETB 12_count +[;

}
elsif ($material[$k] eq "AETBS_tiles") {

SAETB8 count=$AETB8 count+l;

)
elsif ($material[$k] eq "LI900 tiles") {

$LI900 count=$LIg00_count+l;

}
elsif ($material[$k] eq "LI2200 tiles") {

$LI2200_count=$LI2200 count+l;

}
elsif ($material[$k] eq "FRCI_tiles") {

$FRCI_count=$FRCI_count+l ;

}
elsif ($material[$k] eq "CFBI blankets") {

$CFBI_count =$CFBI_count + 1 ;

}
elsif ($material[$k] eq "AFRSI2500 blankets") {

SAFRSI2500 count=$AFRSI2500_count+l;

}
elsif ($material[$k] eq "AFRSI2200 blankets") {

SAFRSI2200 count=$AFRSI2200_count+l;

}
elsif ($material[$k] eq "AFRSI_blankets") {

$AFRSI count=$AFRS I count+l;

}
elsif ($material[$k] eq "DURAFRSI_blankets") {

SDURAFRS I_count = $ DURAFRS I_count + 1 ;

}
elsif ($material[$k] eq "PBI_blankets") {

SPBI_count=$PBI_count +I ;

}
elsif ($material[$k] eq "FRSI blankets") {

SFRSI_count = $FRS I_count +I ;

}
}

# conduct heating analysis

..................................................

open(FINALOUTPUT,">thickness_txt") ;

print FINALOUTPUT "TPS design results for Sbodyside analysis for $filename \n";
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for ($1oop_index=$start; Sloop_index <= Send; Sloop_index++) {

system ("touch /home/asdll/kcowart/public html/miniver.in,,) ;

system("cp /home/asdll/kcowart/public html/$name [Sloop_index]

/home/asdll/kcowart/public_html/miniver.[n>> errorl 2>&l") ;

system ("touch inputs, in") ;

system("cp $inputfile[Sloop_index] inputs, in >> error2 2>&l") ;

system("touch material density.) ;

system("chmod 777 material_density.);

if ($material[$1oop_index] eq "RCC tiles") {

system ("/home/asdl 1/kcowart/pub_ic_html/go2. exe >j unkoutput" ) ; # run

TCAT

)
elsif ($material[Sloop_index] eq "SIC tiles") {

system ("/home/asdl I/kcowart/publicShtml/go2. exe>junkoutput" ) ; # run

TCAT

)
else {

system("/home/asdll/kcowart/public_html/go.exe>junkoutput,,) ;# run TCAT

system("mv fort.90 $na_e[Sloop_index]_temphist,,) ;

system("mv fort.91 Sna_e [Sloop_index]_heatratehist.) ;

open(TCATOUTPUT,"<fort.12.); # obtain thickness of current TPS material

$ =<TCATOUTPUT>;

l_\s* (ks*)I;

$thickness[$1oop_index]=$1;

close(TCATOUTPUT);

open(DEN,"<material_density") ; # obtain the density of current TPS material

$ =<DEN> ;

F\s* (\s*)l;

Stps_density [Sloop_index] =$I ;

close (DEN) ;

# .........................................................

# print the output to file thickness.txt

# .........................................................

printf FINALOUTPUT "%8s - %15s - TPS thickness = %8.2f

inches\n"'$name[$___p-index]_$materia_[$___p-index]'$thickness[$___p-index]*(___

.12.54);

)
close(TEMP);

# ........................................................................

# calculate the unit weight and average thickness

........................................................................

$avg_thickness=0.0;

for ($1oop_index=$start; Sloop_index <= Send; Sloop_index++) {

$avg_thickness=$avg_thickness+$thickness[$1oop_index] ;

}
$avg_thickness=$avg_thickness/$end;

$avg_thickness=$avg_thickness*(100./2.54);

$unit_weights=0.;

for ($1oop_index=$start; Sloop index <= Send; Sloop_index++) {
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$unit_weight=$unit_weight+$tps_density[$1oop_index]*$thickness[$1oop_index];

}
$unit weight=($unit_weight/0.4536)/(3.2808**2);

$unit_weight=$unit_weight/$end;

$avg_unit_weight-$unit_weight/$end;

printf FINALOUTPUT "\n";

printf FINALOUTPUT "Average TPS thickness = %8.2f inches\n",$avg_thickness;

printf FINALOUTPUT "Smeared TPS unit weight = %8.2f ibm/ft^2kn",$unit_weight;

# calculate the area percentages for each of the TPS materials used

........................................................................

if ($tps_family eq "all") {

if ($bodyside eq "windward") {

$RCC_ratio=$RCC_count/$end*$tileratio;

$SIC_ratio=$SIC_count/$end*$tileratio;

$AETBI2_ratio=$AETBi2 count/$end*$tileratio;

$AETBS_ratio=$AETB8_count/$end*$tileratio;

SLIg00_ratio=$LIg00_count/$end*$tileratio;

}
elsif ($bodyside eq ',leeward") {

$CFBI_ratio=$CFBI_count/$end*$blanketratio;

SAFRSI2500_ratio=$AFRSI2500_count/$end*$blanketratio;

$AFRSI2200_ratio=$AFRSI2200 count/$end*$blanketratio;

$DURAFRSI_ratio=$DURAFRSI c_unt/$end*$blanketratio;

SAFRSI_ratio=$AFRSI_countTSend*$blanketratio;

SPBI_ratio=$PBI_count/$end*$blanketratio;

$FRSI_ratio=$FRSI ccunt/$end*$blanketratio;

}
}
elsif ($tps_family eq "nextgen") {

if ($bodyside eq "windward") {

$RCC ratio=$RCC_count/$end*$tileratio;

$SIC_ratio=$SIC_count/$end*$tileratio;

SLIg00_ratio=$LIg00_count/$end*$tileratio;

}
elsif ($bodyside eq "leeward") {

$CFBI_ratio=$CFBI count/$end*$blanketratio;

$AFRSI2500_ratio=$AFRSI2500_count/$end*$blanketratio;

SAFRSI2200_ratio=$AFRSI2200_count/$end*$blanketratio;

SDURAFRSI_ratio=$DURAFRSI_count/$end*$blanketratio;

}
}
elsif ($tps_family eq "shuttle") {

if ($bodyside eq ,'windward") {

SRCC_ratio=$RCC_count/$end*$tileratio;

SLI2200_ratio=$LI2200 count/$end*$tileratio;

$FRCI_ratio=$FRCI_cou_t/$end*$tileratio;

}
elsif ($bodyside eq "leeward") {

SFRCI_ratio=$FRCI_ceunt/$end*$blanketratio;

SAFRSI_ratio=$AFRSI count/$end*$blanketratio;

SFRSI_ratio=$FRSI_zeunt/$end*$blanketratio;

}
}
$RCC_unitweight=0;

$SIC_unitweight=0;
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$AETBl2_unitweight=0;

$AETB8_unitweight=0;

$LI900_unitweight=0;

$LI2200_unitweight=0;

$FRCI_unitweight=0;

$CFBI_unitweight=0;

$AFRSI2500_unitweight=0

$AFRSI2200_unitweight=0

$AFRSI_unitweight=0;

$DURAFRSI_unitweight=0;

SPBI_unitweight=0;

$FRSI_unitweight=0;

Sk=0;

for ($k = i; $k <= Send

if ($material[$k] eq

Sk++) {

"RCC_tiles") {

$R__-unitweight=$R__-unitweight+($tps-density[$k]*$thickness[$k]+_.__254*_577.83

47)/(0.00254+$thickness[$k])/$RCC_count;

}
elsif ($material[$k] eq "SiC_tiles") {

$SIC unitweight=$SIC unitweight+($tps_density[$k]*$thickness[$k]+0.00254*2400.00

)/(0.00254+$thickness[$k!)/$SIC_count;

}
elsif ($material[$k] eq "AETBI2 tiles") {

$AETB_2-unitweight=$AETB_2-unitweight+$tps-density[$k]*$thickness[$k]/$AETB_2-c_

unt;

}
elsif ($material[$k] eq "AETBS_tiles") {

$AETB8-unitweight=$AETB8-unitweight+$tps-density[$k]*$thickness[$k]/$AETB8-c_unt

}
elsif ($material [Ski eq "LI900_tiles") {

$LI900_unitweight=$L1900_unitweight+$tps_density [$k] *$thickness [$k]/$LIg00_count

}
elsif ($material[$k] eq "LI2200_tiles") {

$LI2200_unitweight=$LI2200_unitweight+$tps_density [$k] *$thickness [Ski/$LI2200_co

unt ;

}
elsif ($material[$k] eq "FRCI_tiles") {

SFRCI_unitweight=$FRCI_unitweight+$tps_density [$k] *$thickness [Ski/$FRCI_count ;

}
elsif ($material[$k] ec "CFBI_blankets") {

$CFBI_unitweight=$CFBI unitweight+$tps_density[$k]*$thickness[$k]/$CFBI_count;

}
elsif ($material[$k] eq "AFRSI2500_blankets") {

$AFR_I25__-unitweight=$A_R_I25__-unitweight+$tps-density[$k]*$thickness[$k]/AFRs

I2500_count;

}
elsif ($material[$k] eq "AFRSI2200 blankets") {
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$AFR_I22__-unitweight_$AFR_I22__-unitweight+$tps-density[$k]*$thickness[$k]/$AFR

SI2200 count;

)
elsif ($material[$k] eq "AFRSI_blankets") {

$AFRSI_unitweight=$AFRS!_unitweight+$tps_density [$k] *$thickness [$k]/$AFRSI_count

}
elsif ($material[$k] eq "DURAFRSI_blankets") {

SDURAFRSI_unitweight=$DURAFRSI unitweight+$tps_density[$k]*$thickness[$k]/$DURAF

RSI count;

T
elsif ($material[$k] eq "PBI_blankets") {

SPBI unitweight=$PBI_un!=weight+$tps_density[$k]*$thickness[$k]/$PBI_count;

}
elsif ($material[$k] eq "FRSI_blankets") {

SFRSI_unitweight=$FRSI_unitweight+$tps density[$k]*$thickness[$k]/$FRSI_count;

}
}

if (($sharp eq "yes") && ($bodyside eq "windward")) {

$sharp_weight=4.6e-3*$wingarea; #SHARP weight in ibm

$rcc_unit_weight=32.83; #RCC unit weight

$rcc_area to body_area=0.0075;

$tile_unit_weight=$avg_th!ckness*3.2808*$tps_density*(I/0.4536)*(I/3.2808)**3;

#obtain density cftps

Stile_area to body_area=$bodytile;

printf FINALOUTPUT "\n";

printf FINALOUTPUT "wing SHARP TPS: %6.2f ibm/ft

\n,,,$sharp_weight/$wingi<_:_gth;

}
if (($sharp eq "yes") && ($bodyside eq "leeward")) {

$sharp_weight=4.6e-3"$wingarea; #SHARP weight in ibm

printf FINALOUTPUT "'el";

printf FINALOUTPUT "W±ng SHARP TPS: %6.2f ibm/ft

\n",$sharp_weight/$wing!ength;

}

if ($RCC_count > 0) {

printf FINALOUTPUT "RCC unit weight: %6.2f ibm/ft2kn",

$RCC_unitweight/(0.4536*3 2808"'2);

printf FINALOUTPUT "RCC TPS Area to Wing Area Ratio: %6.4f\n", SRCC_ratio;

}
if ($SIC_count • 0) {

printf FINALOUTPUT "SIC unit weight: %6.2f ibm/ft2\n",

$SIC_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "SIC TPS Area to Wing Area Ratio: %6.4f\n", $SIC_ratio;

}
if ($AETBI2_count • 0) {

printf FINALOUTPUT "AETBI2 unit weight: %6.2f ibm/ft2\n",

$AETB12_unitweight/(0.4536*3.2808**2) ;

printf FINALOUTPUT "AETBI2 TPS Area to Wing Area Ratio: %6.4fkn",

$AETBl2_ratio;

}
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if ($AETB8_count > 0) {

printf FINALOUTPUT "AETB8 unit weight: %6.2f ibm/ft2\n",

SAETB8 unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "AETB8 TPS Area to Wing Area Ratio: %6.4f\n",

$AETBS_ratio;

}
if ($LI900_count > 0) {

printf FINALOUTPUT "LIg00 unit weight: %6.2f ibm/ft2\n",

$LI900_unitweight/(0.4536*3.2808**2) ;

printf FINALOUTPUT "LIg00 TPS Area to Wing Area Ratio: %6.4fkn",

$LIg00_ratio;

}
if ($LI2200_count > 0) {

printf FINALOUTPUT "LI2200 unit weight: %6.2f ibm/ft2\n",

$LI2200_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "L12200 TPS Area to Wing Area Ratio: %6.4f\n",

$LI2200_ratio;

}
if ($FRCI_count > 0) {

printf FINALOUTPUT "FRCI unit weight: %6.2f ibm/ft2\n",

$FRCI_unitweight/(0.4536-3.2808**2);

printf FINALOUTPUT "FRJI TPS Area to Wing Area Ratio: %6.4f\n", $FRCI_ratio;

}
if ($CFBI_count > 0) {

printf FINALOUTPUT "C_'SI unit weight: %6.2f Ibm/ft2\n",

$CFBI_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "CFBI TPS Area to Wing Area Ratio: %6.4f\n", $CFBI_ratio;

}
if ($AFRSI2500_count > 0' {

printf FINALOUTPUT "AFRSI2500 unit weight: %6.2f Ibm/ft2\n",

$AFRSI2500_unitweight/(0 4536,3.2808,,2) ;

printf FINALOUTPUT "AFRSI2500 TPS Area to Wing Area Ratio: %6.4f\n",

$AFRSI2500 ratio;

)
if ($AFRSI2200_count > 01 {

printf FINALOUTPUT "AFRSI2200 unit weight: %6.2f Ibm/ft2\n",

SAFRSI2200_unitweight/(@ 4536"3.2808,-2);

printf FINALOUTPUT "AFRSI2200 TPS Area to Wing Area Ratio: %6.4f\n",

$AFRSI2200_ratio;

}
if ($AFRSI_count > 0) {

printf FINALOUTPUT "AFRSI unit weight: %6.2f ibm/ft2\n",

SAFRSI_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "AFRSI TPS Area to Wing Area Ratio: %6.4f\n",

$AFRSI_ratio;

}
if ($DURAFRSI_count > 0) {

printf FINALOUTPUT "DURAFRSI unit weight: %6.2f ibm/ft2\n",

SDURAFRSI_unitweight/(0 4536"3.2808''2);

printf FINALOUTPUT "DURAFRSI TPS Area to Wing Area Ratio: %6.4f\n",

$DURAFRSI_ratio;

}
if ($PBI_count > 0) {

printf FINALOUTPUT "PBI unit weight: %6.2f ibm/ft2kn",

$PBI_unitweight/(0.4536*3.2808**2);

printf FINALOUTPUT "PH_ TPS Area to Body Wing Ratio: %6.4f\n", $PBI_ratio;

}
if ($FRSI_count > 0) {

printf FINALOUTPUT "FRSI unit weight: %6.2f ibm/ft2\n",

$FRSI_unitweight/(0.4536*3.2808**2);
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printf FINALOUTPUT "FRSI TPS Area to Body Wing Ratio: %6.4f\n", $FRSI_ratio;

)

close (FINALOUTPUT) ;

# ...................................................................

# print desired output to webpage

# ...................................................................

open(OUT,"<thickness.tx%'); #opens the input file for TCAT script

open(WEB,"<tcat_output.html"); #open tcat html file

print .Content-type:text/htmlkn\n";

while(<WEB>){

if(/Insert stuff here') {

print "<BR>\n";

while(<OUT>){

print "<BR>\n":

print $_;

)
}
else{

print $_;

)
)
close (WEB) ;

close (OUT) ;
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TCAT SINGLE TPS DESGIN HTML FILES
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<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.0 TranslationaF/EN"xHTML>
<HEAD>

<TITLE> TCAT-bodycalcs-inputs </TITLE>

</HEAD>

<BODY>

<P> You have selected the body TI'S design with several TPS materials option.
Please fill in the fields below. < P>

<HR.>

<FORM METHOD=post ACTION="tcat bodycalc3.cgi" TARGET="TCAT_outputs">

<P> Enter the approximate welled body area (fl^2).
<BR>

<INPUT TYPE='text" NAM D "bodyarea" SIZE="I 0" MAXLENGTH="I 0">

<P> What fraction of body are_ i_ covered with tiles?
<BR>
<INPUT TYPE="text" NAM E: "Ulc ratio" SIZE ='' 10" MAXLENGTH ='' I0">

<P> What fraction of body area i_ covered with blankets?

<BR>

<INPUT TYPE="text" NAME-"blankctratio" SIZE="10 '' MAXLENGTH="10"> </P>

<! Radio buttons for selecting side o f vehicle to analyze>
<P> Select backface material:

<BR> <INPUT TYPE="radio" XAME="backface" VALUE="GrEx" CHECKED>Graphite Epoxy

<INPUT TYPE="radio" NAM E="backface" VALUE="TiAl">Titanium Aluminuminide

<! Radio buttons for selecting side of vehicle to analyze>
<P> Select side of vehicle for analysis:

<BR> <INPUT TYPE="radio" _' A M E="side" VALUE="windward" CHECKED>Windward

<INPUT TYPE-"radio" NA M E= "side" VALUE--"leeward">Leeward

<P> Are SHARP materials used ,m The nose?

<BR> <INPUT TYPE="radio" X-\ M E="sharp '' VALUE="yes '' CHECKED>Yes

<INPUT TYPE="radio" NA X1E -"sharp" VALUE="no">No

<! Radio buttons for selecting fami]._ of TPS materials>

<P> Select TPS material familx lot analysis:

<BR> <INPUT TYPE="radio" N,\M E="tpsfamily" VALUE="alI" CHECKED>All Materials in TCAT

<INPUT TYPE="radio" NA Xl_ "q_sfamily" VALUE="nextgen">Next Gen RLV Materials

<INPUT TYPE="radio" N A',I[!-"tpsfamily" VALUE="shuttle">Shuttle Gen RLV Materials

<BR>

<A HREF="http://asm.arc.nasa g,,\ 'cgi-bin/tpsrdunrestrictm2/tpsx-frame.pl" TARGET--new>

TPSX Material Properties Data B,L,e </A>

<! Textbox for entering the name of MINIVER file >

<P> Enter name of MINIVER output file:

<BR> <INPUT TYPE="text" N A 5.1E="filename" SIZE="30"

MAXLENGTH="30">

<BR>

<BR>

<! Create the submit button>

<INPUT NAME="Submit" TYl'l-=submit VALUE="Run TCAT">

<INPUT NAME="Reset '' TYPE :rese_ VALUE-"Reset Inputs">
<BR>

<BR>

164



<A HREF="tcat_selection.html">Rctum to selection page</A>
<HR>
</FORM>

</BODY>
</HTML>

<!DOCTYPE HTML PUBLIC "-//\V3C::DTD HTML 4.0 Translational//EN"xHTML>

<HEAD>

<TITLE> TCAT-bodycalcs-inputs </TITLE>

</HEAD>

<BODY>

<P> You have selected the body TI'5 design with several TPS materials option.

Please fill in the fields below. < P>
<HR>

<FORM METHOD=post ACTIOX-"tcat_wingcalc3.cgi" TARGET="TCAT_outputs">

<P> Enter the approximate wetted x_ing area (ft^2).
<BR>

<INPUT TYPE="text" NAME: "xx i%area" SIZE="I0 '' MAXLENGTH="I0">

<P> What fraction of wing are_ i, covered with tiles?

<BR>

<INPUT TYPE="text '' NAME="dk'ratio" SIZE="10 '' MAXLENGTH="I0">

<P> What fraction of wing are_ i, covered with blankets?
<BR>
<INPUT TYPE="text" NAME="N_Lnketratio" SIZE="10 '' MAXLENGTH="10"> </P>

<P> Select backface material:

<BR> <INPUT TYPE="radio" N.\ _1E="backface '' VALUE="GrEx" CHECKED>Graphite Epoxy

<INPUT TYPE="radio '' NA \1E "backface" VALUE="TiAl">Titanium Aluminuminide

<! Radio buttons for selecting side .l'x_ ing to analyze>

<P> Select side of wing for analysis:
<BR> <INPUT TYPE="radio" N A.Xl E=''side'' VALUE="windward" CHECKED>Windward

<INPUT TYPE="radio" NAM E="side '' VALUE="leeward">Leeward

<P> Are SHARP materials used on the wing leading edges?

<BR> <INPUT TYPE="radio" NA h lE="sharp '' VALUE="yes '' CHECKED>Yes

<INPUT TYPE="radio" NAM E: "sharp" VALUE--"no">No

<P> If yes, enter the exposed v, ing leading edge length (fl).
<BR>

<INPUT TYPE="text '' NAM E:"x_ in glc ngth" SIZE=" I 0" MAXLENGTH =" 10"> </P>

<! Radio buttons for selecting faro il v of TPS materials>

<P> Select TPS material famil) f_,r _tnalysis:

<BR> <INPUT TYPE="radio" N A _I E="tpsfamily" VALUE="all '' CHECKED>All Materials in TCAT

<INPUT TYPE="radio" N A \11! "tps family" VALUE="nextgen">Next Gen RLV Materials

<INPUT TYPE="radio" NAXl I "tpsfamily" VALUE="shuttle">Shuttle Gen RLV Materials

<BR>

<A HREF="http://asm.arc.nasa _,x cgi-bin/tpsx/unrestrict/V2/tpsx-frame.pl" TARGET=new>
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TPSX Material Properties Data B:_._e</A>

<! Textbox for entering the name of MINIVER file >
<P> Enter name of MINIVER output file:
<BR> <INPUT TYPE="text" NA M E=''filename'' SIZE="30 ''

MAXLENGTH="30">

<BR>

<BR>

<! Create the submit button>

<INPUT NAME="Submit" TYPE:s',_bmit VALUE="Run TCAT">

<INPUTNAME="Reset" TYPE=reset VALUE="Reset Inputs">
<BR>

<BR>

<A HREF="tcat_selection.html"> Rdum to selection page</A>
<HR>

<,rFORM>

</BODY>

</HTML>

<!_E HTML PUBLIC "-l!\V3(" DTD HTML 4.0 Translational//EN"xHTML>

<HEAD>

<TITLE> TCAT-cowicalcs2-inputs ": TITLE>

</HEAD>

<BODY>

<P> You have selected the cowl TPS design with several TPS materials option.
Please fill in the fields below. <'P>

<HR>

<FORM METHOD----post ACTION: "teat cowlcalc3.cgi" TARGET="TCAT_outputs">

<P> Enter the approximate wetted cowl area (ft"2).
<BR>

<INPUT TYPE="text" NAM E="c_w]area '' SIZE="I 0" MAXLENGTH="I 0">

<P> What fraction of cowl area i_,c,,xered with tiles?

<BR>

<INPUT TYPE="text" NAME="I_ tt,_atio" SIZE="I 0" MAXLENGTH="I 0">

<P> What fraction of cowl area is cc,\'ered with blankets?
<BR>

<INPUT TYPE="text" NAME =" blt_nkctratio" SIZE ='' 10" MAXLENGTH =" 10"> </P>

<P> Enter the cumulative lengda _t _owl and strack edges (It).
<BR>

<INPUT TYPE="text" NAME="co_ llength '' SIZE="10 " MAXLENGTH="10 ''> </P>

<P> Select backface material:

<BR> <INPUT TYPE="radio '' NA N1E="backface " VALUE="GrEx '' CHECKED>Graphite Epoxy
<INPUT TYPE="radio" NAM L "backface" VALUE="TiAl">Titanium Aluminuminide

<! Radio buttons for selecting side ot" vehicle to analyze>

<P> Select side of cowl for analys_._:
<BR> <INPUT TYPE="radio '' N A \1E =''side'' VALUE="windward '' CHECKED>Windward

<INPUT TYPE="radio" NA _11_: "side" VALUE="leeward">Leeward
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<P> Are SHARP materials used o_ lhe cowl leading edge?

<BR> <INPUT TYPE="radio" N A hl E="sharp '' VALUE="yes" CHECKED>Yes

<INPUT TYPE="radio" NAhI}_ = "sharp" VALUE="no">No

<! Radio buttons for selecting fam_tb of TPS materials>

<P> Select TPS material family l\,r 1he analysis:

<BR> <INPUT TYPE="radio" N.,\ X tE=''tpsfamily'' VALUE="alI" CHECKED>All Materials in TCAT

<INPUT TYPE="radio" NAM I-i="tpsfamily" VALUE="nextgen">Next Gen RLV Materials

<INPUT TYPE="radio" NA M I :"tp,_family" VALUE="shuttle">Shuttle Gen RLV Materials

<BR>

<A HREF="http:Hasm.arc.nasa.gov/cgi-bin/tpsx/unrestrict/V2/tpsx-frame.pl" TARGET--new>

TPSX Material Properties Data B<_sc </A>

<! Textbox for entering the name of MINIVER file >

<P> Enter name of MINIVER output file:
<BR> <INPUT TYPE="text" N A _t l!="filename" SIZE="30"

MAXLENGTH="30">

<BR>
<BR>

<! Create the submit button>

<INPUT NAME="Submit '' TY I'E :_bmit VALUE="Run TCAT">

<INPUT NAME="Reset '' TYPE rc,ct VALUE="Reset Inputs">

<BR>

<BR>

<A HREF="tcat_selection.htn_l" .l_,cturn to selection page</A>
<HR>

</FORM>

</BODY>

</HTML>

167



APPENDIXF
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<!DOCTYPE HTML PUBLIC "-//W 3(';. DTD HTM L 4.0 Translational/,rEN"><HTML>
<HEAD>

<TITLE> TCAT-bodycalcs-inputs -: -1-]TL E>

</HEAD>

<BODY>

<P> You have selected the body TP_; design option.
Please fill in the fields below. < 1'>

<HR>

<FORM METHOD=post ACTION: "tcat_bodycalc.cgi" TARGET="TCAT_outputs">

<P> Enter the approximate wetter! body area (ft^2).
<BR>

<INPUT TYPE="text" NAME="bodvarea '' SIZE="I0" MAXLENGTH="I0">

<P> What fraction of body area is c( vered with tiles?
<BR>
<INPUT TYPE="text" NAME="b_dvtile '' SIZE="10" MAXLENGTH="I 0">

<P> What fraction of body area _s covered with blankets?

<BR>

<INPUT TYPE="text" NAME="b_,&blanket '' SIZE="10 '' MAXLENGTH="I0"> </P>

<P> Are SHARP materials uscd o_ the nose?

<BR> <INPUT TYPE="radio" Y A \: E="sharp" VALUE="yes" CHECKED>Yes

<INPUT TYPE="radio" NA _ I[: sharp" VALUE="no">No

<! Textbox for entering the name ,,!' 'dlNIVER file >

<P> Enter name of MINIVER outi,w file:
<BR> <INPUT TYPE="text '' N A'. II ="filename" SIZE="30 ''

MAXLENGTH="30">

<! Radio buttons for selecting s_& ,, vehicle to analyze>
<P> Select side of vehicle for ai_ t ',s s:

<BR> <INPUT TYPE="radio '' %.:. !, i E_:"side" VALUE="windward" CHECKED>Windward

<INPUT TYPE="radio '' NA _,l/: 'si de" VALUE="leeward">Leeward

<! Menu for TPS selection>

<P> Select the type of TPS to bc t_c,L
<BR>

<SELECT NAME="tps" SIZE="5 '>
<OPTION> .... TILES ....

<OPTION VALUE="AETB 8_A I":" A ETB8_Al_backface

<OPTION VALUE="AETB8_(I r Ex">AETB8_GrEx_backface
<OPTION VALUE="AETBI2_AI'>AETBI2 AI backface

<OPTION VALUE="AETB 12_G rEx">AETB i 2_GrEx_backface

<OPTION VALUE="FRCI 12_AI":-FRCI 12 AI backfaee
<OPTION VALUE="FRCI 12(iff x">FRC! 12_GrEx_backface

<OPTION VALUE="FRCI20_ -\ l" •F RC120 AI backface

<OPTION VALUE="FRCI20_(;_ [ x">FRCl20_GrEx_backface

<OPTION VALUE="LI900_AI"-,IJg00 AI backface

<OPTION VALUE="LI900_G rI. x"> 1.1900_GrEx_backface

<OPTION VALUE="LI2200_A _'': L12200 A1 backface

<OPTION VALUE="LI2200_( k.ti \"> LI 2200_GrEx_backface

<OPTION SELECTED VALU[ ' RCC_GrEx">RCC GrEx_backface

<OPTION VALUE="RCC_AI'" I.',?C AI backface

<OPTION VALUE="SiC_GrI \ ,'_iC_GrEx_backface

<OPTION VALUE="SiC_AI '' 'Y,_( A 1 backface
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<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

</SELECT>

<BR>

<OPTION VALUE="TUFI_GIt \'-TUFl_GrEx_backface

<OPTION VALUE="TUFI AI '. I UFI A1 backface

<OPTION>_BLANKETS ....

<OPTION VALUE="AFRSI_A I' _ -_F RSl_Al_backface

<OPTION VALUE="AFRSI_(I: [ r,">AFRSI GrEx_backface

VALUE="CFBI_AI" ,CFBI AI backface

VALUE="CFBI_GrE x" >C FBl_GrEx__backface

VALUE="DURAFR %I_A 1''>DURAFRSI Al_baekfaee

VALUE="DURAF R S I_ G rEx">DURAFRSI_G-rEx._baekface

VALUE--"DURA F RS I_ AI">DURAFRSI_AI__backface

VALUE="DURA F R S I_G rEx">DURAFRSI_GrEx_baekface

VALUE="PBI_AI">PBI AI backface

VALUE="PBI_GrE x"> PBl_GrEx_backfaee

VALUE="TABI_AI""IABI A1 backface

VALUE="TABI_Grt x' >TABl_GrEx_backfac,¢

<A HREF="http://asm.arc.nasa _,, _ gi-bin/tpsx/unrestrict/V2/tpsx-frame.pl">

TPSX Material Properties Data I_,,,_ <A>
<BR>

<BR>

<! Create the submit button>

<INPUT NAME="Submit '' TYPI! _L.bmit VALUE="Run TCAT">

<INPUT NAME="Reset" TYPE _,.c_ct VALUE="Reset Inputs">
<HR>

</FORM>

</BODY>

</HTML>

<!DOCTYPE HTML PUBLIC "-li\\3t" D'ID HTML 4.0 Translational//EN"xHTML>

<HEAD>

<TITLE> TCAT-wingcalcs-input s < T IT k E>

</HEAD>

<BODY>

<P> You have selected the wing anal _;:il TPS design option.
Please fill in the fields below. < I' •

<HR>

<FORM METHOD=post ACT IO • = "t, a ywingcalc.cgi" TARGET="TCAT outputs">

<P> Enter the approximate wetted x_ing area (fi^2).
<BR>

<INPUT TYPE="text" NAME='_ ', m-area" SIZE="10" MAXLENGTH="I0">

<P> What fraction of wing area is c(,vcred with tile TPS?
<BR>

<INPUT TYPE="text" NAME =''_ in .;tile" SIZE =" I0" MAXLENGTH ='' !0">

<P> What fraction of wing area _,, ,, vered with blanket TPS?
<BR>

<INPUT TYPE="text" NAM E-" _ i_l_blanket" SIZE=" 10" MAXLENGTH=" 10"> </P>

<P> Are SHARP materials used o_ _ac wing leading edges?

<BR> <INPUT TYPE="radio" N A hl E=''sharp'' VALUE="yes '' CHECKED>Yes
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<INPUT TYPE="radio" NA _1F/: "sharp" VALUE="no">No

<P> If yes. enter the length of the cxl_osed wing leading edge(t_).
<BR>

<INPUT TYPE="text" NAME="l,_!.lgedge" S IZE ='' I0" MAXLENGTH ='' 10">

<! Textbox for entering the name ,, f \'IINIVER file >
<P> Enter name of MINIVER oL_l;_u file:

<BR> <INPUT TYPE="text" NA'.ll ="filename" SIZE="30"

MAXLENGTH="30">

<! Radio buttons for selecting s.l_ _ xchicle to analyze>

<P> Select side of vehicle for _,,_,li,,'_:s:

<BR> <INPUT TYPE="radio" _ ,.',,".; E="side" VALUE="windward" CHECKED>Windward

<INPUT TYPE="radio" NA hl ! 'side" VALUE="leeward">Leeward

<! Menu for TPS selection>

<P> Select the type of TPS to be _;,_,_t:

<BR>

<SELECT NAME="tps" SIZE="5 "
<OPTION>_TILES ......

<OPTION VALUE="AETBS\! '': AETB8 AI backface

<OPTION VALUE=" AETB S_( ITEx"> AETB8_GrEx_backface

<OPTION VALUE="AETBI2_ \! '>AETBI2 AI backface

<OPTION VALUE="AETB 12_ G t Ex">AETB 12_GrEx_backface

<OPTION VALUE="FRCII 2_AI" q:RCI] 2 AI backface

<OPTION VALUE="FRCll 2_(ivI \":_FRC112_GrEx_backface

<OPTION VALUE="FRCI2_I_'_,I" .FRCI20 A1 backface

<OPTION VALUE="FRCI21) { i_1 x":-FRCl20_GrEx_backface

<OPTION VALUE="LI900_A] ' .1 191)0 AI backface

<OPTION VALUE="LI900_(it-! x >1 1900_GrEx_backface

<OPTION VALUE="LI2200_ \ LI2200_Al_backface

<OPTION VALUE="LI2200J L 1!-_"--L] 2200_GrEx_backface

<OPTION VALUE="RCC_GII _,' ,RCC_GrEx_backface

<OPTION VALUE="RCC_AI' I_,_'C A1 backface

<OPTION VALUE="SiC_Grl ', •gi(_GrEx_backface

<OPTION VALUE="SiC_AF ' • ,( A1 backface

<OPTION SELECTED VALLI ' tL Fl_GrEx">TUFl_GrEx_backface

<OPTION VALUE="TUFI_A! ' I ?1:I AI backface

<OPTION> .... BLANKETS ......

<OPTION VALUE="AFRSI_AI ' \FRSI A] backface

<OPTION VALUE="AFRSI_{ i_I-,"> A F RSl_GrEx,_backface

<OPTION VALUE="CFBI_AI '' ( FBI AI backface

<OPTION VALUE="CFBI_Grl ",' _CFBI_GrEx_backface

<OPTION VALUE="DURAI- I_g I_ AI">DURAFRSI_AI_.backface

<OPTION VALUE="DU RA F I_.":,I_G rE x">DURAFRSI GrEx_backface

<OPTION VALUE="PBI_AI":'I' B t AI backface

<OPTION VALUE="PBI_Gr EV'> I'l_.l_GrEx_backface

<OPTION VALUE="TABI_AI '' -1 .,_BI A1 backface

<OPTION VALUE="TABI_G_E x" :-TABl_GrEx_baekfaee

</SELECT>

<BR>

<A HREF="http://asm.arc.nasa._:_' _ '_,gi-bin/tpsx/unrestrict/V2/tpsx-frame.pl">

TPSX Material Properties Dat:_ 1_,_, < A>

<BR>

<BR>

<! Create the submit button>

<INPUT NAME="Submit '' TYI'i_ _ _t:nfit VALUE="Run TCAT">

<INPUT NAME="Reset" TYPI :_ c_ VALUE="Reset Inputs">
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<BR>

<BR>

<A HREF="tcat_selection.htmI" . _. _ n lo selection page</A>
<HR>
</FORM>

</BODY>
</HTML>

<!DOCTYPE HTML PUBLIC "-//\V3C DTD HTML 4.0 Translational//EN"><HTML>
<HEAD>

<TITLE> TCAT.-cowlcalcs-input_ .: I !T1 E>

</HEAD>

<BODY>

<P> You have selected the cowl -IF' _ _ :_'.gn option.
Please fill in the fields below. • I

<HR>

<FORM METHOD=post ACTIO\: _ _tt cowlcalc.cgi" TARGET="TCAT_outputs">

<P> Enter the approximate welts, _ ,wl area (fl^3).
<BR>

<INPUT TYPE="text" NA M E- '. ,v .,t_: a" SIZE=" I0" MAXLENGTH=" 10">

<P> What fraction ofcowt are,L . .. , c_+cdwith tile TPS?
<BR>

<INPUT TYPE="text '' NA M E "c,, ,, I ti le" SIZE="I 0" MAXLENGTH=" 10">

<P> What fraction of cowl area _, :, _cced with blanket TPS?
<BR>

<INPUT TYPE="text" NAME: 'c ,,,_]blanket" SIZE="I0" MAXLENGTH="10"> </P>

<P> Are SHARP materialsused _,_lhccowl leadingedges?

<BR> <INPUT TYPE="radio" N/,,\'+E_"sharp"VALUE="yes" CHECKED>Yes

<INPUT TYPE="radio" NA _ li='_haq)"VALUE="no">No

<P> Ifyes,enterthe lengthof tb:.,\i_o_cdcowl leadingedge(R).
<BR>

<INPUT TYPE="text" NAME =`l,..;t_w,gedge" SIZE="I0 ''MAXLENGTH="I0">

<! Textbox for entering the n anw _ f \IlNIVER file >
<P'> Enter name of MINIVER ot,,I;_Lt file:

<BR> <INPUT TYPE="text" N +\ ',1! "filename" SIZE="30 ''
MAXLENGTH="30">

<! Radio buttons for selecting s.h ,,:x chicle to analyze>
<P> Select side of vehicle for at_._,'>_

<BR> <INPUT TYPE="radio" \, \:l:::"side" VALUE="windward" CHECKED>Windward

<INPUT TYPE="radio" NA \ 1 '_dc" VALUE="leeward">Leeward

<! Menu forTPS selection>

<P> Selectthetypeof TPS tobc t...
<BR>

<SELECT NAME="tps ''SIZE- '_
<OPTION> .....TILES ......

<OPTION VALUE="AETB_ _, \ I-_TB8Al backface
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<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

VALUE="AETB8_ (;_E x">A ETB8_GrEx._backface

VALUE="AETB]2 \I">AETBI2 AI backface

__oo q ,.-, > --VALUE- AETBI___,t I-x AETBI2_GrEx backface
VALUE="FRC112_,,\ I" -FRCI 12 AI backface

VALUE="FRCI 12_ (, r[ x">FRCI 12 GrEx_backface

VALUE="FRCI2(I_ .\ I" -FRCl20_Al_backface

VALUE="FRCI2(I_ (::1 x">FRCl20_GrEx_backface

VALUE="LI900 A:' I I')00_AI backface

VALUE="LI900 (i_-! ,, >LI900 GrEx_backface
VALUE="LI2200 .\ L12200 At backface

VALUE="LI2200 ( i i_"> L12200_GrEx_backface

VALUE="RCC_G FF ," ItCC_GrEx_backface

VALUE="RCC_AI F(_<. AI backface

VALUE="SiC_G rl ', ' -; iC_G rEx_backface

VALUE="SiC_AI" .'- ( \l_backface

SELECTED VALL I ''.L Fl_GrEx">TUFl_GrEx_backface

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

<OPTION

</SELECT>

<BR>

<OPTION VALUE="TUFI_A! [ '1 I AI backface
<OPTION>--BLANKETS ....

<OPTION VALUE="AFRSI_ , \I:RSI AI baekface

<OPTION VALUE="AFRSI_(i " AFRSl_GrEx_backface

VALUE="CFBI_AI' I:L_I AI backface

VALUE="CFBI_(i_I _. (FBl_GrEx._backface

VALUE="DUR A F !'_ ,!.. \',">D URAFRSI_AI_backface

VALUE="DURAFI<;I G', Ex">DURAFRSl_GrEx_backface

VALUE="DURAFI', <1 A I"> DURAFRSI_AI_backface

VALUE="DURA F F,',_ t __irEx">DURAFRSl_GrEx_backface
VALUE="PBI_AI'"..I'IH AI backface

VALUE="PBI_Gr t-.,' ' I'B I_GrEx_backface

VALUE="TABI_A]" .I AI_I A1 backface

VALUE="TAB1G_ 1 V -I A Bl_GrEx_backface

<A HREF="http://asm.arc.nasn ,.,_ , ,y-bin/tpsx/unrestrict/V2/tpsx-frame.pl">

TPSX Material Properties D_tt_ !.; -.: - .\>
<BR>

<BR>

<! Create the submit button>

<INPUT NAME="Submit" IY!' , :!-:.fit VALUE="Run TCAT">

<INPUT NAME="Reset '' TYI'! ., ..,t VALUE="Reset Inputs">
<BR>

<BR>

<A HREF="tcat_selection.ht m I" i<,.: u__ to selection page</A>
<HR>

</FORM>

</BODY>

</HTML>
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